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Behaviour and Host Relationships of Dolichomutilla sycorax (Smith) 
(Hymenoptera: Mutillidae, Sphecidae) 

PAUL S. BAYLISS AND DENIS J. BROTHERS 

School of Botany & Zoology, University of Natal (Pietermaritzburg), Private Bag X01, 
Scottsville, 3209 South Africa; (PSB: Current address: Transvaal Museum, P.O. Box 413, 

Pretoria, 0001 South Africa) 

Abstract.—Detailed biological information for species of Mutillidae is generally lacking. The 
following aspects of the biology of Dolichomutilla sycorax (Smith), based on laboratory observations 
of 10 specimens (9°, 1d) reared from a single nest of Sceliphron spirifex (Linnaeus) (Sphecidae), 

are described in detail and discussed: emergence from host nest, activity patterns, mating and 
grooming. The recorded host relations for D. sycorax are also discussed. 

Successful mating by mutillid wasps 
generally requires only a short time 
(Brothers 1972), and very few observations 
have been recorded. These are important 
in providing information on sex associa- 

tions. Grooming in mutillids has recently 
been described for the first time (Bayliss 
and Brothers 1996), and only in the last 
few years has it been used in systematic 
studies of the Hymenoptera (Basibuyuk 
and Quicke 1999). This paper provides the 
first descriptions of mating and grooming 
behaviour in Dolichomutilla sycorax (Smith) 
and surveys the data on its host relation- 
ships, as well as providing some other in- 
cidental information on the behaviour of 
this species. 

Dolichomutilla sycorax is broadly distrib- 
uted throughout eastern Africa, from Ken- 
ya to South Africa where it is the most 
common species of the genus. Its taxo- 

nomic status as a valid species distinct 
from Dolichomutilla guineensis (Fabricius) 
has recently been clarified by Nonveiller 
(1996). Specimens are approximately 9-22 

mm long, with the head and metasoma 

black and the mesosoma deep maroon- 
red. The apterous females have a pair of 
white spots on the second metasomal ter- 
gum and an interrupted broad white band 

on the third tergum; the macropterous 
males are almost identical in coloration, 
unlike for most Mutillidae, and have con- 
spicuously banded wings (Figs. 1-2). Al- 
though Gerstaecker (1857, 1862) first de- 
scribed the male (misidentified as that of 
D. guineensis), presumably based on the 
similarity of the sexes, Péringuey (1898) 

was the first to associate the sexes directly, 
having reared both simultaneously from 
the mud nests of Pelopaeus [= Sceliphron] 
spirifex (Linnaeus) (Hymenoptera, Spheci- 

dae). 

MATERIALS AND METHODS 

Laboratory observations were made 
during April to December 1996 at the Uni- 
versity of Natal, Pietermaritzburg. Live 
adults of D. sycorax were reared from a 

mud nest of S. spirifex collected at the 
Greater St Lucia Wetland Park, Ozabeni 
Section, Lower Mkuze, KwaZulu-Natal, 

South Africa (27°39’S, 32°26’E) on 6-9 

April 1996 by R.M. Miller and J. Kotze. 
They emerged over a period of about 10 
days (starting on 19 May 1996) and were 
kept isolated in petri dishes (diameter 90 

mm, height 20 mm) after emergence. The 

bases of the dishes were lined with paper 
towelling to provide a rough substrate. 
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Figs. 1-2. Dolichomutilla sycorax. 1, 3, lateral view 

(body length 10 mm). 2, 2, dorsal view (body length 

16 mm). 

Mating was observed by placing two 
adults of opposite sex in the same petri 
dish; their behaviour was recorded using 
a Sony 8mm video camera and low-inten- 
sity cool fibre-optic illumination. The 
specimens were observed for at least 20 
minutes, and if no interaction (including 
stridulation or rubbing of antennae) oc- 
curred between them during that time, 
they were separated for several hours be- 
fore placing them together again. 

A Wild M5 stereo microscope, using 

white light from a desk lamp, was used 
for observations of grooming at irregular 

intervals during the day and at night. 
Such behaviour was noted whenever seen, 
and detailed observations were carried 

out after sprinkling the body with flour. 
Observations (a total of at least 60) in- 

volved nine males and one female of D. 

sycorax that emerged from the mud nest 
and the full repertoire of cleaning activi- 

ties was seen 12 times in seven different 

individuals (62, 1d). The terminology 
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used in describing the grooming behav- 
iour is from Basibuyuk and Quicke (1999). 

After sufficient observations had been 
made, the specimens were released into a 

glass terrarium (288 x 217 < 225 mm, in- 

ternal measurements) with the floor cov- 

ered by fine sand to a depth of 25 mm and 
with several flattish stones to provide hid- 
ing places. Food (a solution of 10% honey 
dissolved in water) and water were pro- 
vided in small glass tubes plugged with 
cotton wool. Most specimens lived for 3— 
10 months, the male surviving for the 
shortest period (8 weeks). 

RESULTS AND DISCUSSION 

Specimens Emerging from Mud Nest of 
Host 

The mud nest comprised 15 more or less 
parallel cells separated by thick walls and 
with the outer walls thickened and rough- 
ened by the addition of extra mud. Within 
16 days after the first recorded emergence, 
one male (12 mm long) and nine females 

(12-15 mm long) of D. sycorax, one speci- 
men of Stilbum cyanurum (Forster) (Chry- 
sididae) and two specimens of Sceliphron 
spirifex (one of each sex) had emerged. In 
addition, there were two cells containing 
host cocoons which produced hundreds of 
specimens of a species of Melittobia (Eu- 
lophidae). The rate of parasitism was thus 
87%. 

Activity Patterns of D. sycorax 

Emergence.—It took approximately 10 
minutes for each individual, using the 
mandibles, to chew its way out of the cell. 
The antennae, followed by the head, first 

emerged through the newly chewed exit 
hole, and the surroundings were scanned. 

Since the forepart of the body is often 
slightly narrower than the posterior part, 
the metasoma was often unable to pass 
through the hole. The process of chewing 
would then be resumed until the hole was 
large enough for the entire body to pass 
through. After emergence, several minutes 
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were spent inspecting the nest, although 
no attempt was made to enter a previous- 

ly vacated cell (n = 3). 

Daily activity—Because of the artificial 

conditions of the terrarium, it is impossi- 
ble to assume much about daily cycles. A 
female was placed together with the oth- 
ers in the terrarium only after the male 
had mated or interacted with her. The 
only male was kept in the terrarium with 
the mated females and his activity, as with 
the females, was monitored. At night all 

females huddled together under the same 
flat stone, even though there were several 
others of similar shape. The male was sol- 
itary, never resting with the females. The 
male died after 55 days, while the females 

lived for approximately 6 months. One fe- 
male lived for almost 11 months. 

Mating 

Immediately after a male and a female 
were placed together in a petri dish, after 
having been kept in separate vials (n = 5), 
they initially tried to escape by running. 
Whenever the two individuals came into 
contact head-on, both instantly showed 
avoidance or escape reactions by moving 
away in different directions. This is simi- 
lar to Ferguson’s (1962) observations on 

Sphaeropthalma (Photopsis) blakett (Fox) but 
contrary to Brothers’ (1972) observations 
on Pseudomethoca frigida (Smith) and Bay- 
liss and Brothers’ (1996) observations on 

Tricholabiodes spp. where neither member 
showed avoidance reactions. As soon as 
the male contacted the female, except 
when head-on, his antennae began to vi- 

brate rapidly and continuously over her 
body. Within seconds he attempted to 
mount her. The female resisted by stridu- 
lating strongly, raising herself on her legs 
and flexing the apex of her metasoma 
slightly towards her coxae. As soon as the 
male began stroking her with his anten- 
nae, she became subdued, stopped strid- 
ulating and became absolutely still. Once 
on the female, the male continued to flick- 
er his antennae, continuously stroking her 

head and the anterior part of her meso- 
soma (Fig. 3). The female remained in a 

frozen position, with her antennae con- 
cealed under her deflexed head. After a 
period ranging from several seconds to a 
couple of minutes, depending on her re- 
action, the male gradually manoeuvred 
posteriorly on the female so that his gen- 
italia could be inserted into her genital 
opening. If she became restless the strok- 
ing of her body by his antennae intensi- 
fied. If she became more restless, he 
would quickly resume his initial more an- 
terior position. 

After moving posteriorly, the male 
grasped the female laterodorsally at the 
midlength of the first metasomal segment 
with his mandibles; extruding his genita- 
lia he began prodding her genital opening 
with them. Often, while the male was 
prodding her genital opening, the female 
would wander around the petri dish with 
him still mounted on her back. If she be- 
came too agitated or began moving too 
quickly, the male withdrew his genitalia, 
disengaged his mandibles and again be- 
gan stroking her with his antennae. As 
soon as actual genital union occurred, the 
female became motionless, thrusting her 
body forward, tucking her forelegs under 
her head, with the middle and hind legs 
placed laterally and supporting her. Her 
entire body was more or less straight with 
the metasoma lifted and the head against 
the substrate. Her ovipositor was extrud- 
ed (Fig. 4), a condition which may be nec- 
essary for successful copulation in mutil- 
lids since it has been observed in other 
species (Brothers 1972, Bayliss and Broth- 
ers 1996). Genital union lasted between 

60-100 seconds, during which time the 

male continuously stroked the female 
with his legs and antennae. Throughout 
genital union, the parameres remained 
outside the body of the female, lateral to 
her genital opening, while the rest of the 
male’s genitalia extended into the female. 

Immediately following separation of the 

genitalia, the male, poised posteriorly on 
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Figs. 3-6. Dolichomutilla sycorax, mating behaviour, diagrammatic. 3, mounted d stroking ? with antennae. 

4, posture immediately before copulation. 5, posture immediately after copulation. 6, posture several seconds 
after copulation. 

the metasoma of the female, extended and 
straightened his metasoma, thrusting the 
tip high into the air, and retracted his gen- 
italia (Fig. 5). Suddenly, without warning, 
the male rushed forward over the female, 

coming to rest on her mesosoma. He 

dropped his head on to hers and lifted the 
posterior part of his metasoma high into 
the air, almost perpendicular to the sub- 

strate, while swaying back and forth for 
approximately 5-10 seconds before dis- 
mounting (Fig. 6). Immediately upon gen- 
ital separation the female retracted her 
ovipositor and bent her metasoma for- 
ward between her legs. She bent her head 
down and nibbled the metasomal tip with 
her mouthparts. This behaviour has pre- 
viously been reported as unique for the 
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Formicidae within the Hymenoptera (Wil- 
son 1962, Farish 1972), but has never been 

recorded following copulation. Its func- 
tion is not obvious but, despite the fact 
that no extruding material could be seen, 

it is possible that part of the material de- 
posited by the male is a nuptial donation 
which the female consumes and uses as 
food or as some chemical signal. The fe- 
male did not extrude and withdraw her 
sting as observed by Brothers (1972) in 

Pseudomethoca frigida, and by Bayliss and 
Brothers (1996) in Tricholabiodes spp. After 
dismounting, the male usually began 
grooming himself thoroughly. It was sev- 
eral seconds before the female began to 
wander around the petri dish again. 

In subsequent encounters immediately 
following mating, the male’s response to 

the female was one of apparent hostility; 
he rushed at her, fluttering his wings and 
bumping into her from behind. After sev- 
eral seconds of such treatment, and with 
no possible escape from the petri dish, the 
female stopped moving and hunched up, 
curling her head and antennae under her 
body and tucking her legs against her 
sides. The male continued to bump her 
from behind, rushing at her with wings 
flapping, apparently attempting to drive 
her away. Subsequent encounters between 
the male and female were of shorter du- 
ration, with continued aggressive behav- 
iour exhibited by the male towards the fe- 
male. Similarly, if two previous recently 
mated adults were again placed together, 
the male immediately became aggressive 
towards the female, chasing her with 
wings fluttering and bumping her, almost 
pouncing on her. The male became more 
aggressive to the mated female the longer 
they were kept together. There was never 
an attempt by the male to mount an al- 
ready mated female. As previously ob- 
served in P. frigida (Brothers 1972), the at- 
tractiveness of a mated female mutillid ap- 

pears to diminish rapidly after mating. Af- 
ter several days the aggressive behaviour 

Ol 

of the male towards the female had van- 
ished, with him totally ignoring her. 

Unlike the situation in some other Smi- 
cromyrmina (Mutillini), some Myrmosi- 
nae and the Rhopalomutillinae (Brothers 
1975, 1989), where the male often trans- 

ports the female in flight before settling 
and mating or may even mate in flight, in 
D. sycorax no attempt was made by the 
male to fly and carry the female, and mat- 
ing took place on the substrate in an up- 
right position. The absence of phoretic 
copulation is probably because the male is 
about the same size as the female or even 
smaller. 

Grooming 

There are no differences in cleaning 
techniques between the sexes (except for 
those involving the wings). If an individ- 

ual is extremely dirty it first partially 
cleans the posterior part of the body; oth- 
erwise grooming proceeds antero-posteri- 

orly. 
Head.—The antennae, which are the 

most frequently groomed structures, are 
cleaned using the antenna cleaners on the 
front legs, either by double-antenna scrap- 
ing (both antenna cleaners are simulta- 
neously passed distad along the respective 
ipsilateral antenna) or single-antenna 
scraping (One antenna at a time is 

groomed by the ipsilateral antenna clean- 
er; the different antennae are usually 
groomed consecutively). During double- 
antenna scraping, the head remains still 
with each antenna placed in its antenna 
cleaner and then drawn between the spur 
and basitarsus from base to apex three to 
four times by movement of the forelegs. 
During single-antenna cleaning, the leg is 
lifted over the antenna which is placed in 
and pulled through the antenna cleaner by 
tilting the head backwards and simulta- 
neously moving the leg away from the 
head. Sometimes, more often in the fe- 
male, there is simultaneous grooming of 
one antenna using the antenna cleaners of 
both ipsi- and contralateral forelegs. The 
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surface of the head is cleaned by both 
forelegs separately or simultaneously. If 
the head is cleaned by only one foreleg, it 
is tilted to one side and brushed postero- 
anteriorly with short rapid strokes. The 
brushing of the head is usually followed 
by single-antenna scraping. The foreleg 
calcaria are used for cleaning the mandi- 
bles, while both maxillary and labial palpi 
are cleaned similarly to double-antenna 
scraping, where the palpi are either singly 
or simultaneously pulled rapidly through 
the antenna cleaner of the ipsilateral fore- 
legs. While one foreleg is cleaning the ip- 
silateral antenna, the other might be clean- 
ing the palpi. 

Body.—Cleaning of the dorsal and lat- 

eral parts of the mesosoma was never ob- 
served. The anterior part of the mesoso- 
ma, including the neck region, is cleaned 
with the forelegs separately or simulta- 
neously. The mesosternum is cleaned by 
the calcar and basitarsus of the foreleg; the 
calcar is first angled away from the basi- 
tarsus, then pushed down the length of 
the mesosoma between the coxae, ending 

with the foreleg rubbing laterally against 
the ipsilateral middle leg. The dorsal and 
lateral parts of the metasoma are cleaned 
by both hind legs, using alternating or si- 

multaneous strokes. While grooming the 
metasoma, the wasp balances on its front 
two pairs of legs, with the entire body 
slightly arched and the wings folded dor- 
sally. Often only one side of the metasoma 
is cleaned, using the ipsilateral leg. The 
longer tibial spur, which is that mainly 
used, is angled away from the tibia. The 
metasoma is first cleaned proximally, then 
sequentially more distally using longer 
strokes each time, the first one or two seg- 
ments being cleaned before proceeding to 
the more distal segments. The sides are 
groomed first, followed by the dorsal sur- 
face and then the sterna which are cleaned 
by a single hind leg. While the middle and 
hind legs clean the metasoma, the animal 

balances on its head with the forelegs sup- 
porting it laterally but close to the head. 
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Although the hind legs are predominantly 
responsible for cleaning the metasoma, the 
middle legs might assist by making sev- 
eral strokes down the sides. No concentra- 
tion of attention to grooming of the felt 
lines (laterally on the second metasomal 
tergum) or the metasomal apex was ob- 
served, although these areas may be 
sources of pheromones or other chemicals. 

Legs.—The legs are cleaned sequential- 
ly, anterior to posterior. The fore legs, if 

very dirty are first rubbed against each 
other. The entire foreleg is then rubbed 
against and pulled between the spur and 
basitarsus of the ipsilateral middle leg. 
The ipsilateral middle leg is not moved. 
Alternatively, the fore leg is positioned 
ventrally along the length of the body, and 
the spur and basitarsus of the ipsilateral 
middle leg is scraped down its entire 
length and then shaken. Cleaning of the 
forelegs, in particular the tarsi and apical 
portions of the tibiae, using the mouth- 
parts (otherwise known as foreleg nib- 
bling) was never observed, although Bas- 
ibuyuk and Quicke (1999) noted this as 
commonly occurring in Mutillidae. The 
middle legs are groomed separately, using 
the tibial spurs and basitarsi of both hind 
legs. The hind legs are individually 
cleaned by the spurs and basitarsi of the 
ipsilateral middle and contralateral hind 
legs. The hind leg remains still. A hind leg 
is first cleaned distally, then sequentially 
more proximally by cleaning a longer sec- 
tion each time that the other legs are 
rubbed against it. The hind leg used for 
cleaning, if very dirty, is shaken or the 
basitarsi of both hind legs are rubbed to- 
gether. 

Wings.—The left and right wings, like 
the antennae, are cleaned either separately 

or simultaneously, using the spur and bas- 
itarsus of the ipsilateral hind leg. This is 
not to be confused with ichneumonid-type 
wing grooming where both pairs of raised 
wings are groomed simultaneously be- 
tween the tibia and tarsus of each respec- 
tive ipsilateral hind leg (Behaviour 16 
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(Basibuyuk and Quicke 1999)). Unlike ich- 

neumonid-type wing grooming, where the 
wings are cleaned while in a horizontal 
position (Basibuyuk and Quicke 1999), in 

D. sycorax the wings are orientated ventro- 

laterally to the metasoma. While the fore- 
wings are cleaned, the hind wings are po- 
sitioned laterally, perpendicular to the 
body and horizontal to the substrate. The 
wing, while being cleaned, always re- 
mains between the body and the hind leg. 
While the dorsal surface of the forewing 
is being cleaned, the costal margin is ori- 
entated ventrally with the dorsal surface 
facing outwards. The metatibia and me- 
tabasitarsus, remaining lateral to the wing, 
slowly comb it in a backward-downward 
motion. After 3-4 strokes the hind leg is 
cleaned. The posterior margin of the fore- 
wing is cleaned once the dorsal surface 
has been combed; it is gripped and pulled 
between the spur and basitarsus. There- 
after the forewing is orientated so that the 
costal margin is dorsally placed, with the 
ventral surface facing outward. The ven- 
tral surface of the forewing is cleaned sim- 
ilarly to the dorsal surface. The hind wing 
is cleaned in a sequence similar to the 
forewing. The latter returns to a horizontal 
position along the body after scraping, 
though at a greater distance from the body 
than in the normal resting position. The 
hind wings are similarly flipped as the 
forewings, depending on the surface being 
cleaned. When the wings of both sides are 
being cleaned simultaneously, the animal 
balances on its front and middle legs, and 
when cleaning the wings separately, the 
wasp shifts its weight to either the left or 
right legs, arching the mesosoma away 
and the metasoma towards the wing that 
is being cleaned. 
Compared with Tricholabiodes spp. (Bay- 

liss and Brothers 1996), D. sycorax displays 

relatively few differences in grooming 
techniques but does tend to exhibit a 
greater repertoire of grooming behav- 
iours. 

Host Relations 

Specimens of Dolichomutilla have been 
reared from the mud nests of various host 

wasps (specially sphecids of the tribe Sce- 
liphrini) and appear to be restricted to 
such hosts. Nonveiller (1996) gave the host 

of D. guineensis (Fabricius) (= D. simillima 

Bischoff) as an unidentified species of 

Chalybion, and that of D. scutellifera (An- 
dré) (= D. conigera (André)) as an uniden- 

tified species of Sceliphron. Krombein & 
Walkley (1962) recorded D. minor minor 

Bischoff as a parasitoid of Sceliphron spiri- 
fex; we have seen a female specimen of D. 
m. minor collected on a Sceliphron nest at 
Mkuzi Game Reserve, KwaZulu-Natal 
(27°37'S, 32°14’E) on 3-6.iii.1990 by A. 
Weaving (DJB collection) and a female of 

D. m. minor reared from a mud nest of 

“Cyphononyx antennatus (Smith) (Pompi- 

lidae) collected at Durban on 10.i1.1945 by 

Marley (South African Museum collec- 
tion). Weaving (1994a, 1994b, 1995) re- 

corded the hosts of D. heterodonta Bischoff 
in KwaZulu-Natal as Auplopus femoralis 
(Arnold) (Pompilidae), Tricarinodynerus 

guerinii (Saussure) and Afreumenes aethiop- 
icus (Saussure) (both Vespidae, Eumeni- 

nae), all species using mud in nest mak- 
ing. (The mutillid was probably misiden- 
tified, however, since that species only oc- 
curs further north.) 

Péringuey (1898) reared both sexes of D. 

sycorax from the mud nests of S. spirifex 
on several occasions. Skaife (1953:325) re- 

ferred to ““D. guineensis” (actually D. sy- 

corax) as having been reared from S. spi- 

rifex, but gave no authority for this, and 
may have been referring to Péringuey’s 

specimens. (Incidentally, Skaife’s figure 

163, captioned as being of both sexes of D. 
guineensis ‘’ Parasitic on solitary bees” (sic), 
shows a male which looks like a species 
of Stenomutilla and a female which is prob- 
ably a species of Dasylabroides.) Weaving 
(1994b, 1995) recorded S. spirifex, T. guer- 
inii and Synagris analis Saussure (Vespi- 

dae, Eumeninae) as hosts of D. sycorax, 



and provided considerable information on 
the biologies of the hosts and the influence 
of nest type and construction on parasit- 

ism rates. In the Albany Museum (Gra- 
hamstown) there are three female and 

three male specimens of D. sycorax reared 
from a nest of S. spirifex which also yield- 
ed one female and one male of the host 
and was collected by N.J. Myers at the To- 
bacco Research Station, Trelawney, Zim- 
babwe, January/February 1954 (dets F.W. 

Gess). In addition to these records and the 

same host relationship recorded in this pa- 
per, D. sycorax has also been reared from 
multicellular mud nests of a species of eu- 
menine vespid, possibly Delta maxillosa 

(de Geer) (det. C.F. Jacot-Guillarmod) or 

S. analis (see Weaving 1995), collected by 

DJB at Lake Sibaya, KwaZulu-Natal on 
13-25 March 1968. That nest yielded no 
host specimens, but produced six mutil- 
lids, five females (10-18 mm long) and one 
male (10 mm long). The considerable dif- 
ference in sizes of individuals in this 
clutch is notable. The largest female has 
golden brown pubescence replacing the 
black pubescence of the other specimens 
and thus appears very different in color- 
ation. (Bischoff (1920) described a similar 
female specimen of this species as form 
aurata, and this phenomenon was first not- 
ed by André (1899:35) for other mutillids.) 
The host range of D. sycorax is thus greater 
than previously thought, although in all 

cases mud is used for nest construction, 
whether as free multicellular aerial nests 
or forming the nest closures and cell par- 
titions in cavity nests. 

Also interesting is the fact that for two 
of the three nests from which multiple 
mutillids emerged, a single male was pro- 
duced. This may indicate a tendency to- 
ward a biassed sex ratio as is found in 
some other parasitoid hymenopterons, 
specially those which develop gregarious- 
ly or quasi-gregariously, and which pro- 
duce a single male that emerges early and 
mates with his sisters as they emerge (e.g. 
see Hardy 1994). Additional evidence is 

JOURNAL OF HYMENOPTERA RESEARCH 

obviously needed, but partial support 
may be derived from the observation that 
males of Dolichomutilla are very much rar- 
er in collections than are females. 
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Abstract.—This work was carried out to monitor the number of xo sex alleles (CSD—Comple- 

mentary Sex Determination) in a limited population of Melipona scutellaris Latreille (Apinae, Me- 

liponini) and to verify if introduction of inseminated queens from distant populations is a good 
and practical method to avoid extinction of small ones. Twenty-two colonies of Melipona scutellaris 

were brought from Lengdis, Bahia (12°34'S; 41°23’W) to Uberlandia (18°52'56"S; 48°12'55”W), 

500km south of the southern edge of its geographical distribution. Thirty foreign queens were 
introduced from 1992 to 1995, and the number of xo sex alleles oscillated from 7.0 to 36.0. The 

number of sex alleles was studied using a formula modified from the one of Laidlaw et al. (1956) 

n = 2M(N+1)(H+1) (where n is the number of xo sex alleles in the population, N is the total 

number of colonies sampled of this population, H is the number of colonies that produced diploid 
males and M is the number of males that mated with the queen). These results showed that the 

introduction of inseminated queens serves to maintain the variability of sexual alleles and, con- 

sequently, allow the existence of small populations of Meliponini. These data are being taught to 
Melipona beekeepers to improve their bee yards and help in protecting the species from extinction. 

Brazilian stingless bees (Hymenoptera, 
Apidae) are among the main pollinators of 
the native Brazilian flora, varying from 
30% to 90% of the native plants, according 
to the ecosystem they inhabit (Kerr et al. 

1994). These bees belong to the subfamily 
Apinae, tribe Meliponini, and at least 

three species, Melipona scutellaris Latreille, 

M. compressipes fasciculata Smith and M. 
beechett, were domesticated by native Pre- 
colombian populations, two in Brazil 
(Maranhao and Pernambuco States) and 

one in Mexico (Yucatan). Besides being 

good pollinators, two bees, the African 
honey bee and Urugu (Melipona scutellaris) 

are the main producers of honey in north- 
eastern Brazil. Melipona honey reaches a 
price 4 to 10 times higher than honey bees 
because of lower production by individual 
colonies and the preference of local pop- 
ulations. 

More than 350 species of Meliponini are 
distributed in the Tropical and Subtropical 

Zones of South and Central Americas, Ma- 

laysia, India, Indonesia, Africa and Aus- 

tralia. Unfortunately about 100 species of 
stingless social bees are being seriously 
threatened with extinction as a conse- 
quence of the current forest destruction. In 
Brazil, annual deforestation increased 20% 
in the last 3 years due to the arrival of 
Chinese and Malaysian lumber compa- 
nies. 

Besides the forest destruction that is ac- 
companied by both forest fires and plan- 
tations of grass, soybean, rubber trees, 
guarana, pepper, Brazil nuts and tropical 
fruits, there is the serious problem of CSD 
(Complementary Sex Determination) that 
in bee happens with one main gene (xo- 
sex alleles). According to Mackensen 

(1951) sex in Apis mellifera is determinated 
by xo sexual alleles, where heterozygous 
larvae become females, hemizygous are 
males and homozygous are diploid males. 
This genetic system by xo-sex alleles de- 
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Table 1. Production of males in colonies of Melipona scutellaris and estimates xo alleles using n = 2M(N 

+ 1)/(H + 1) where n = number of xo, N is the total number of hives, H is the number of hives that produced 

50% diploid drones and M is the number of males that inseminated the queen. 

Number of Number of 
colonies that colonies that 

Total number of produced 50% produced 75% 
colonies in Number of female :50% female :25% Estimated 

Year of Melipona apiary Number of colonies produced male (mated with male (mated number of 
sampling in each year colonies sampled 100% of female one male) with two males) xo CSD alleles 

1991 50 3 9 1 24.5 

1992 (a) 80 2 19 7 7.86 

1993 (b) 72 15 12 3 0) 8.00 

1994 (c) 79 16 13 1 2. 28.34 

1995 (d) 66 8 7 0 1 36.00 
1997 65 7 i) il 1 12.00 

1998 70 9 7 1 1 15.00 

1999 60 29 23 5 1 11.67 

Total _ 124 95 19 10 23.86 

(a) introduction of 13 queens of Piata, BA (14 June 1992) 

(b) introduction of 3 queens of Catu, BA (19 July 1993) 

(c) introduction of 11 queens of Lengois, BA (24 May 1994) 

(d) introduction of 3 queens of Lengois, BA (26 March 1995) 

termination is named “Complementary maintain restricted populations. Bellow 
Sex Determination’’ (CSD) and was first six the population decreases rapidly due 
described in the parasitoid wasp Bracon to the formation of diploid males. Stou- 
hebetor by Whiting (1943). He proposed thamer et al. (1992) and Heimpel et al. 
that sex was regulated by a series of alleles (1999) also observed the same in some hy- 
segregating at a single locus. Camargo menopteran parasitoids. 

(1979) found the same CSD genetics for Unlike Apis mellifera queens that mate 
Melipona quadrifasciata, Kerr (1987) for M. with 17 to 15 males (respectively Adams 
compressipes fasciculata, and Carvalho et al. et al. 1977, Lobo and Kerr 1993), queens of 
(1995) for M. scutellaris. stingless bees (Meliponini) mate with one 

Kerr (1987) and Kerr et al. (1988) pro- or two males, rarely more (Kerr 1969, 

posed that the xo° gene of primitive pop- Contel and Kerr 1976, Paxton et al. 1999). 
ulations is still found in endogamous pop- Our data with Melipona scutellaris showed 
ulations of Hymenoptera. It is mutated about 8% of crosses occurred with 2 males 
rarely, but constantly, to xo'!, xo, ... xo”? (Table 1). In small populations of Melipona 

which were selected in panmitic popula- with 6 xo alleles, % of the new colonies 
tions giving origin to a series of multiple — will produce diploid males (Kerr and Ven- 
alleles that are involved in sex determi- covsky 1982). Many known panmitic Hy- 

nation (CSD). menoptera have xo" sex alleles and have 

Yokoyama and Nei (1979) and Cornuet developed different methods to avoid the 

(1980) have shown that the number of production of triploid females: a) in many 
CSD alleles maintained in a limited bee Hymenoptera diploid males are semi-le- 
population depends directly on its size. thal or almost sterile (Inaba 1939, Mac- 
Woyke (1980) demonstrated that in Apis Bride 1946, Hung et al. 1974, Naito and Su- 
mellifera the minimum number of CSD al- zuki 1991, Stouthamer ef a/. 1992, El Agoze 
leles that allows a population to survive is et al. 1994); b) in Apis mellifera the workers 
six. Our experience with three Melipona eat the diploid male larvae (Woyke, 1980); 
species indicates that six is also the mini- cc) in Melipona soon after they emerge from 

mum number of xo alleles required to the brood cells, workers kill both diploid 
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males and the inseminated queen that is 

producing them (Camargo 1979, Kerr 

1987, Kerr et al. 1996); d) increasing the 

number of xo-alleles and e) multiple mat- 

ing dimishes the genetic load effect of 2n 

males. 

Adams et al. (1977) and Lobo and Kerr 

(1993) respectively estimated the number 
of xo-alleles for open populations of Apis 
mellifera at 18.9 and 15.7, and Kerr (1987) 

in Melipona compressipes found it was 20.0. 

Using data based in the formula of Cor- 

nuet (1980), Kerr and Vencovsky (1982) es- 

timated that in order to maintain 6 xo-al- 

leles, the Melipona scutellaris population 

must contain 44 colonies or more. If the 

number of colonies is below 44 this whole 

mini-population is bound to be eliminated 

in a few generations. Carvalho et al. (1995) 

cited many examples of the extinction of 
small populations of stingless bees. This 

means that the decline of the number of 

xo sex alleles in stingless bees (Meliponini) 

is fatal and leads a population and even 

the species to elimination. Falk (1991) em- 

phasized the fact that there is a worrying 

decline in the Aculeate population in 

Great Britain, with nearly half of the spe- 
cies described considered to be under 

threat. Of course, there is a genetic load 
associate with CSD sex determination in 

bees as it was demonstrated by Kerr 

(1975) and Werren (1993). 

The objective of the research presented 
in this paper was to monitor the number 
of xo alleles year by year in a limited pop- 

ulation of Melipona scutellaris and to study 

the effect of the introduction of inseminat- 

ed queens in this population. Descendants 

of 22 colonies that came from the forests 

near Lencois (Bahia) were maintained in 

Uberlandia (18°52'56"S; 48°12'55"W) about 

500 km South of the southern border of its 

natural distribution, that is, there was no 

feral population of Melipona_ scutellaris 

within a radius of 500 kilometers of Uber- 

landia. 
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MATERIALS AND METHODS 

The following material was used: 22 col- 
onies of Melipona scutellaris collected ran- 
domly in the forest that surrounds Lencois 
(12°34"S; 41°23"W), Chapada Diamantina, 
Bahia, Brazil—14 hives in 1988 and 8 hives 
in 1990. These colonies were divided and 
from their descendents 124 were sampled 
to be monitored. In order to count the 
number of xo-alleles the technique of Kerr 
(1987) was used, that is: take one or two 
brood combs with young bees of a given 
colony and put it in the place of the moth- 
er colony to receive the adult bees. In 1 to 
10 days, one or several virgin queens 
emerge; four days after emerging one 
makes the nuptial flight and is inseminat- 
ed. After 5 to 15 days the new queen be- 
gins egg laying. I marked this queen on 
her thorax. When the oldest brood comb 
of this new queen contains pupae, a small 
piece of it is taken (with about 10 to 30 
pupae) and the number of workers, 

queens and males is counted. If the pro- 
portion fits 1:1 females: males, it indicates 
50% production of diploid drones and is 
indication of insemination by one male 
only. Diploid males are confirmed by cy- 
tological analysis (diploid males have 18 
chromosomes). If 25% males were pro- 
duced it indicated that two males had in- 
seminate this queen and if it was 12.5% 
three matings were indicated. Then the 
data are analyzed using the Laidlaw et al. 
(1956) formula n = 2M(N+1)/((H+1) that 

is better than n = 2MN/H; in both equa- 

tions n is the number of xo sex alleles in 
the population, N is the total number of 

colonies sampled in this population, H is 
the total number of colonies sampled that 
produced diploid males and M is the 
number of males that inseminated the 
queen. This formula assumes that the xo 
alleles have equal frequency, that there is 
random mating, and there is less bias in 

populations smaller than 10. Fisher’s test 
was used to analyze the variation of xo al- 
leles frequency by year. In order to mea- 
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sure the effect of the introduction of ge- 
netic material from outside the Uberlandia 
population as a search for a method of 
controlling the appearance of diploid 
males in small apiaries, 30 introductions 
of inseminated queens in orphaned colo- 
nies were carried out and these were: 13 
queens of Piata (Bahia) on 14 May 1992, 3 
queens of Catu (Bahia) on 19 July 1993, 11 
queens of Lengois (Bahia) on 24 May 1994 
and 3 queens of Lengdis (Bahia) on 26 
March 1995. The mortality of egg and lar- 
vae of diploid males is near zero. 

RESULTS 

One hundred and twenty four samples 
of the new colonies made were taken from 
the Melipona apiary of which 95 had 100% 
females in the first series of eggs laid by 
the new queen, 19 presented about 50% 
diploid drones and 10 about 25%; none 

produced 12.5%. The results of these sam- 
ples taken during 8 years are in Table 1. 

This data demonstrated that 65.5% of 
mating occurred with one male and 34.5% 
with 2 males. Then, the number of xo al- 

leles in this population is 8.18 (when 
queen mates with one male that has the 
same allele as she does) and 15.68 (when 
two males—one with the same allele and 
another with different allele) totaling 23.86 
xo alleles. 

Table 1 demonstrates the variation of xo 
alleles in this population as a consequence 
of sampling and matings with drones pro- 
duced in this same population. As these 
colonies were divided (in order to increase 

our population) since their introduction 
(1990), the probability that one queen 
mates with a drone that has the same al- 
lele is high because the population is 
small. The population in Uberlandia was 
formed of colonies from a native popula- 
tion in Bahia, and the number of alleles in 

that original population was expected to 
be about 20 (Kerr and Vencovsky 1982). In 
our 67 colonies (average per year) the av- 
erage number of alleles was 16.67. Look- 
ing at the data of 1991 to 1999, the number 
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of sex alleles does not differ statistically 
between these years (Fisher’s Test, 
P>0,05), which indicates the value of our 

method to avoid diminution of these al- 
leles. 

DISCUSSION 

The behavior of stingless bee workers 
killing both diploid males and the queen 
is how they control the appearance of 2n 

males. It causes many beekeepers and bee 
scientists who collect and maintain less 
than 44 hives per species to lose all or al- 
most all in short periods of time. Four ex- 
amples are: a) W. E. Kerr collected 14 

hives, in Parnaiba, SP, Brazil, of Melipona 
marginata in 1945. Six years later all had 
died; b) He collected 12 hives, in 1944, of 
Meltpona quadrifasciata (also in Parnaiba, 
SP). In 1955 all had died; c) Eng. Agr. Ro- 
gerio M. O. Alves collected 11 colonies of 
M. quadrifasciata near Catu, Bahia, Brazil, 

in May 1990; by December 1991 he had 
eight colonies, and in June 1993 only one 
was left; d) Mr. Alvino Pianzolli collected 

20 colonies of urucgu-preto (Melipona capix- 
aba) in Domingos Martins, Espirito Santo, 
Brazil in 1973. In June 1993, he still had 8, 
because the forest is not very far from the 
meliponary, so that his queens can mate 

with males from the forest. The same case 
was observed by Nascimento ef al. (1996) 

at Archipelago of Fernando de Noronha 
(Pernambuco, Brazil) for three species of 

Melipona. They found, in 1996, only 18 col- 
onies of M. compressipes out of 32 intro- 
duced, 11 of Melipona subnitida in 10 and 

none of M. scutellaris in 30 introduced in 
1982 by Kerr and Cabeda (1985). These ex- 
amples confirm the observations of Yo- 
koyama and Nei (1979) about the extinc- 
tion of small populations, and suggest the 
necessity of methods to avoid the decline 
of variability of sexual alleles. 

The introduction of 13 foreign queens in 
1992 and 3 in 1993 did not show its effect 
in the same year—the data show a decline 
in the number of alleles in 1992 and 1993. 
Due to the winter that followed the intro- 
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ductions of 1992 and 1993, the colonies 

usually became weaker than in the rest of 

the year and there was no regular pro- 

duction of males. Therefore, these intro- 

duced queens will be genetically active 

through their males only for the next 
queens naturally superseded. 
When the queens were introduced in 

June or July (winter in the Southern Hemi- 

sphere) there were few or no males, but 

when they were introduced in May or 
March, the last season in which males are 
being produced, an apparent increase of 
the number of xo sex alleles was detected, 
reaching a value of n = 17.92, which is 
close to the values obtained by Kerr (1987) 
and Carvalho et al. (1995) for two Melipona 

species. Looking at the results of 1997 to 
1999, it appears to indicate a small decline 
in the number of xo alleles. As the statis- 
tical analysis (Fisher's Test) showed, there 
was no divergence among the number of 
alleles by year, indicating that the intro- 

duction of these queens maintained the 
genetic variability in the population in 
Uberlandia, thus avoiding the appearance 
of diploid males and the extinction of their 
population. 

Our data showed that the introduction 
of 3 to 4 inseminated queens per year in 
an apiary with about 65 colonies im- 
proved the genetic variability of the xo al- 
leles becoming a good alternative to avoid 
the production of diploid males. It can 
save the production of hundreds of bee- 
keepers who maintain small meliponaries 
because the production and sale of insem- 
inated queens is much easier than selling 
a complete bee colony. 

The main conclusion is: the method of 
introduction of 3 to 4 inseminated queens 
by year is good to avoid low sex allele di- 
versity and consequence production of 
diploid males (the Yokoyama and Nei ef- 
fect); it maintains the variability of xo sex- 

ual alleles and consequently allows the ex- 
istence of restricted populations of Meli- 
ponini ex-situ, that is outside their area of 
geographic distribution. 
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Distribution and Ethology of Priscomasaris Gess 

(Hymenoptera: Vespidae: Masarinae: Priscomasarina) 

in Namibia 

SARAH K. GESS 

Albany Museum, Grahamstown, 6139 South Africa 

Abstract.—Knowledge of the distribution and flower associations of the monospecific genus 

Priscomasaris is expanded. The nature of the provision, nesting situation, nest structure, and meth- 

od of nest construction are recorded for the first time. Priscomasaris namibiensis Gess has been 

encountered solely in the Mopane Savanna/ Northern Namib transition and Dwarf Shrub Savanna 

(of Giess 1971), all records falling within the northwestern extension of the Nama Karoo Biome 

(of Rutherford and Westfall 1986, as adapted by Lovegrove 1993). Flowers visited for nectar and 
pollen are of the families Aizoaceae (non-Mesembryanthema) and Molluginaceae. Nesting aggre- 

gations were located in sparsely vegetated areas of horizontally presented, stabilized, sandy soil. 

The nest is a multicellular burrow with its entrance surmounted by a mud-turret and with each 
excavated cell containing a constructed mud-cell. Water is used in excavation and construction. 

Evidence for bivoltinism is presented. 

F.W. Gess (1998) described Priscomasaris 

namibiensis Gess, a new genus and species 
of Masarinae (Hymenoptera: Vespidae) 

from Namibia. He discussed its position 
within the subfamily, placing it in a new 

subtribe Priscomasarina, a sister group of 
Paragiina and Masarina combined. Its 
ethology is of particular interest as it rep- 
resents the most primitive extant member 

of the Masarinae. F.W. Gess recorded fe- 
male water collection behaviour and two 
forage plants but, as nests had not yet 
been discovered, could make no comment 
on nesting behaviour other than to sug- 
gest that water is most probably used in 
nest construction. 

In March 2000 two nesting aggregations 

of P. namibiensis were discovered and in- 
vestigated by the present author. This in- 
vestigation forms the subject of the pre- 
sent paper. 

Distribution.—Previously published 
(F.W. Gess 1998) and new collection re- 

cords of P. namibiensis are listed in Appen- 
dix 1 under the vegetation types of Giess 
(1971) (Fig. 1) and biomes of Rutherford 

and Westfall (1986) as adapted by Love- 
grove (1993) (Fig. 2). It appears that P. na- 
mibiensis is a northern Nama Karoo spe- 

cies; 
Nesting areas and sites.—Two nesting ar- 

eas of P. namibiensis were located, both in 

Dwarf Savanna Shrub to the east of the 
Mariental-Keetmanshoop road and _rail- 
way track: one 5 km south of Mariental 
(Fig. 3) and the other 7 km south of Gib- 
eon railway siding. Both areas are associ- 
ated with drainage lines that form part of 
the Fish River catchment. Rainwater 
pools, resulting from thundershowers, 
were present in association with the rail- 

way embankment through which the 
drainage channels have passage (Fig. 4). 

The nests were aggregated above nor- 
mal flood level within sparsely vegetated 
sites. In the Gibeon nesting area two small 
aggregations were discovered, each of no 
more than 10 nests, 9 to 11 metres from 

the water source. The soil was compacted 
sand with an inclusion of small pebbles 
and with a sufficient clay element to make 
it maleable when mixed with water. The 
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Figs. 1-2. Map of Namibia showing the distribution, based on collection records (Appendix 1), of Prisco- 

masaris namibiensis (dots). 1, The vegetation types of Giess (1971): 1 = Northern Namib; 2 = Central Namib; 

3 = Southern Namib; 4 = Semi-desert and Savanna Transition (Escarpment Zone); 5 = Mopane Savanna; 6 

= Mountain Savanna and Karstveld; 7 = Thornbush Savanna; 8 = Highland Savanna; 9 = Dwarf Shrub 

Savanna; 10 = Saline Desert with Dwarf Shrub Savanna Fringe; 11 = Tree Savanna and Woodland; 12 = 

Camelthorn Savanna (Central Kalahari); 13 = Mixed Tree and Shrub Savanna (Southern Kalahari). 2, The 

biomes of Rutherford and Westfall (1986) as adapted by Lovegrove (1993) (S = Savanna; N = Namib Desert; 

SK = Succulent Karoo; NK = Nama Karoo). 

gravelly surface was scattered with peb- 
bles and small plants. Individual nests 
were sited next to a pebble or small plant 
(Figs. 5-10). 

In the Mariental nesting area numerous 
nests were distributed over a site c 100 
metres square. The soil was compacted 
sand of an even consistency with a suffi- 
cient clay element to make it maleable 
when mixed with water. The surface was 
compacted sand scattered with an occa- 
sional pebble and ‘mat’ plant. Most com- 
monly nests were grouped beneath or be- 
tween the spreading branches of semi- 
prostrate Gisekia africana (Lour.) Kuntze 
(Molluginaceae) (Fig. 16), a forage plant of 

Priscomasaris, and of a ‘mat’ forming spe- 
cies of Indigofera (Papilionaceae), the flow- 

ers of which it does not visit (Fig. 17). Less 
commonly nests were exposed but were 
then positioned next to a pebble or small 
plant. 

Water collection.—As stated by F.W. 
Gess (1998) females visit pools of water in 
drainage channels and river beds in order 
to obtain water, apparently for use in nest 
construction. When they were common, 

very large numbers were present on and 
flying over the water. When filling their 
crops they always alight on the water sur- 
face, never at the water’s edge. Whilst on 
the water surface the wings are held erect. 

Flower visiting —Both sexes of P. nami- 
biensis visit flowers. Those recorded were 
all small shallow flowers of Molluginaceae 
and Aizoaceae. The Molluginaceae were 
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Figs. 3-4. Nesting area south of Mariental (24.40S 17.57E). 3, Habitat. 4, Water source. 
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pink flowered Gisekia africana (Lour.) 
Kuntze (Fig. 16) (between Palm and Kho- 
rixas) and white flowered Limeum of three 
species: L. argute-carinatum Wawra & Peyr. 
(Fig. 12) (west of Khorixas, between Kho- 
rixas and Uis, and south of Mariental), L. 

myosotis H. Walter (Fig. 13) (between Kho- 

rixas and Uis), and L. sulcatum (Klotsch) 

Hutch. (Fig. 11) (southwest of Bullsport). 
The Aizoaceae (non-Mesembryanthema) 
were purplish-pink flowered Sesuvium se- 
suvioides (Fenzl) Verdc. (Fig. 15) (south of 

Mariental) and pink and white flowered 
Trianthema parvifolia E. Mey. ex Sond. (Fig. 
14) (also south of Mariental). All yield nec- 
tar, easily imbibed by this short 
“tongued” wasp, and pollen, requiring no 
specialized ‘‘harvesting’”’ behaviour. Other 
plants in flower at the foraging sites were 
not visited. 

Priscomasaris is not the sole visitor to the 
flowers of any of its forage plants. The 
Molluginaceae are widespread and are 
visited by a range of wasps and bees (Gess 
and Gess unpublished catalogue of flow- 
ers visited by aculeate wasps and bees in 
semi-arid areas in southern Africa). The 
Aizoaceae attract a narrow range of wasps 

and bees—S. sesuvioides is principally vis- 
ited by Ceramius damarinus Turner (Ves- 
pidae: Masarinae), which uses it as its 
source of provision for its nests (S.K. Gess 
1999), and a species of Parafidelia (Fideli- 
idae). T. parvifolia is principally visited by 
Quartiniella turneri Schulthess and several 
Quartinia species. 

At the site near Bullsport, where Pris- 
comasaris males and females were visiting 
the flowers of L. sulcatum, some males and 
an occasional female were collecting nec- 
tar from the extrafloral nectaries of young 
plants of the herb Chamaesyce glandulifera 
(Pax) Koutnik (Euphorbiaceae). 

Provision.—The cell provision consists of 
a compact, firm, roughly cylindrical mass 

of pollen and nectar, rounded at the ends 

and with undulations along its length in- 
dicating deposition of individual ‘loads’ 
of the pollen and nectar mixture. The pro- 
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vision mass, a “‘pollen loaf’, remains loose 

within the cell. One complete “pollen 
loaf” was 8.17 mm in length and 3.0 mm 
in diameter (i.e. 0.12 mm less than the in- 
ner diameter of the constructed mud-cell). 

Samples of pollen from provision masses 
collected on 10, 22 and 31 March, and 2 
April were examined microscopically. 
Four distinct pollens of 17.5, 20, 25 and 30 
micromillimetres in diameter were pres- 
ent. These were compared with pollens 
from flowers visited by Priscomasaris and 
were found to match those of T. parvifolia, 
L. argute-carinatum, G. africana and S. se- 
suvioides respectively. The proportions of 
the different pollens varied. Samples taken 
on 22 March were mostly of G. africana 
and S. sesuvioides and those taken on 31 
March and 2 April were principally of T. 
parvifolia. 

Male behaviour.—No males were found 
in nests or at water. In the morning, before 
the appearance of the females, males were 
observed flying to and fro over nesting ag- 
gregations and visiting flowers. After the 
females had made their appearance males 
were observed mounting them, both on 
the ground in the vicinity of the nests and 
on flowers. It was not possible to observe 
copulation. 

Description and method of nest construc- 
tion.—The description of the nest of P. na- 
mibiensis is based on investigations of 62 
nests: four in the Gibeon nesting area on 
9 March; and 22, 13, 5 and 18 at the Mar- 

iental nesting area on 10, 22 and 31 March 
and 2 April respectively. The method of 
construction is based on investigations of 
nests together with observations on nest- 
ing behaviour. 

Description: The nest of P. namibiensis 
consists of a multicellular subterranean 
burrow (Figs. 19-23) surmounted by a 
curved, tubular mud-turret of the same di- 

ameter as the burrow opening and usually 
with its greater length parallel to the soil 
surface. The main shaft is vertical and is 
of equal diameter throughout its entire 
length. At its base it curves outwards to 
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Figs. 5-10. Priscomasaris namibiensis with nest entrance turret. 5 and 6, Preparing to enter nest entrance turret. 
7, Entering nest entrance turret, ventral surface uppermost. 8, Preparing to leave nest to discard the mud- 
pellet held between mandibles. 9, Flying away from nest with a mud-pellet which will be dropped in the 
pellet-dropping area. 10, Adding mud to the rim of entrance turret. Actual length of wasp c 8 mm. 
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Figs. 11-16. Forage plants of Priscomaris namibiensis. 11, Limeum sulcatum (Molluginaceae), flowers white, P. 

namibiensis leaving after foraging on the flowers. 12, Limeum argute-carinatum (Molluginaceae), flowers white. 

13, Limeum myosotis (Molluginaceae), flowers white. 14, Trianthema parvifolia (Aizoaceae: non-Mesembryan- 

thema), flowers white or pink. 15, Sesuvium sesuvioides (Aizoaceae: non-Mesembryanthema), flowers purplish- 

pink. 16, Gisekia africana (Molluginaceae), flowers pink; entrance turret of P. namubiensis on left. 
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form a short lateral shaft which terminates 
in a sub-horizontal excavated cell in which 
is a constructed mud-cell. A second cell 
terminates a similar lateral shaft which 
leaves the vertical shaft at the same depth 
but at an acute angle from the first such 
that the two cells lie close together. Fur- 
ther cells in similar pairs are positioned 
almost immediately below the first pair, 

each pair deeper than that preceding it, so 
that the cells form a ‘‘stack” to one side of 
the main shaft. The largest number of cells 
found was 13. 

Method of construction: When excavat- 
ing a burrow, P. namibiensis, using, its 

mandibles, extracts soil as moist mud-pel- 
lets. As nest constructing females make 
frequent visits to water it is almost certain 

that regurgitated water is used for moist- 
ening the soil. 

At an early stage in shaft excavation the 
entrance turret is constructed from pellets 
extracted from the burrow. These are laid 
down around the rim of the entrance to 
the burrow in such a way that its inner 
diameter equals that of the main shaft (i.e. 
3 mm). At the outset of turret construction 

the thickness of the wall is c 1 mm but 
after the turret has reached a height of a 
few millimetres is reduced to 0.5 mm. Af- 
ter the turret reaches a height of c 6 mm, 

pellets are usually added in such a way 
that the turret curves over, typically until 
the opening is vertical, after which they 
are added evenly around the circumfer- 
ence of the turret and the resultant hori- 
zontal tube is extended parallel with the 
soil surface for a further 13-17 mm, sep- 

arated from it by a c 2 mm gap. 
A female, when entering a nest, alights 

on the upper surface of the turret facing 
towards the opening (Fig. 5) and then 
curves over its lip (Fig. 6), entering and 

progressing along the passageway ventral 
surface uppermost (Fig. 7). When leaving 

the nest during shaft excavation she re- 
verses the procedure emerging posterior 

end first, ventral surface uppermost and 
climbing out onto the upper surface (Fig. 
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8). Thus before flying away she is facing 
towards the turret opening. Whilst build- 
ing the turret she remains curved around 
the rim (Fig. 10), rotating whilst placing 
mud with her mandibles and apparantly 
supporting and tamping it with the tip of 

her abdomen. 
When discarding a mud pellet, a female, 

holding the pellet in her mandibles, flies 

(Fig. 9) on a roughly circular path, drop- 
ping the pellets 10 to 30 cm from the nest. 
Usually the variation in distance of an in- 
dividual’s flight path is not more than 7 
cm so that the pellets accumulate in a 
small area (Fig. 17). 

The walls of the shaft are stabilized and 
smoothed with the addition of water. The 
diameter of the shaft (3 mm) is maintained 
constant throughout its length. There is no 
turning “bulb’’ such as that found in the 
nests of most species of Ceramius (S.K. 
Gess 1996). At a depth of 60-80 mm (av- 
erage 69, n = 17) the shaft curves and after 
c 5 mm is expanded in the excavation of 
a cell of length c 15 mm and diameter c 5 
mm. 

Within the excavated cell a mud-cell 
(Figs. 19-23) is constructed, fitting closely 
within it but easily removed from it. On 
the outer surface evidence of deposition of 
mud-pellets is visible and a faint ‘‘fish 
scale’’ pattern similar to the more marked 
pattern exhibited by constructed cells of 
Celonites (S.K. Gess 1996) and Pseudoma- 

saris (Torchio 1970) is discernable (Fig. 21). 
The inner surface of the mud-cell is 
smoothed (Fig. 20). The closed inner end 

is rounded whereas the outside tip of the 
mud-cell is consistently markedly papil- 
late (Figs. 20-22). Apart from the tip, mud- 
cells are constant in diameter along their 
length, cigar-shaped, not ovoid. 

The source of soil for the construction 
of the mud-cells was not determined. No 
quarry site within the nest was found. In 
nests with newly constructed open mud- 
cells there did not appear to be an exca- 
vated or partially excavated cell which 
could have been the source. As there is no 
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Fig. 17. 

turning ‘‘bulb’’ such a source is also elim- 
inated. The builders were carefully ob- 
served and were not bringing in soil from 
outside the nest. On numerous occasions, 
during nest investigation, loose dry soil 
was found in the main shaft from a depth 
of 50 mm downwards. It is highly unlikely 
that this soil had fallen into the shaft. It 
seems possible that, when a cell is exca- 
vated, extracted soil is not carried out as 
pellets but stored loose in the shaft and 
that the female coming and going from the 
nest can pass through the loose soil. This 
soil would then be available for mud-cell 
construction. 

The constructed mud-cell walls appear 
to be harder and more brittle than those 
of the turret. This suggests that either, as 
in drying of concrete, slower drying of the 
mud used in mud-cell construction results 
in a ‘stronger’ cementing or that some- 
thing other than water is added to the 

Nm Ss) 

Entrance turret of Priscomasaris namibiensis on right (arrow), discarded mud-pellets on left (arrow), 

amongst the branches of a species of Indigofera (Papilionaceae). 

mud mixture. As Celonites and Pseudoma- 
saris use nectar for bonding soil used in 
cell construction (S.K. Gess 1996 and Tor- 

chio 1970), nectar was considered a pos- 

siblity. One gram of cell wall was tested 
for sugar content. Total sugars extracted 
amounted to only 3 milligrams, 0.6 micro- 
grams of which were found to be glucose 
and 0.8 micrograms fructose. This appears 
to be too low a concentration of sugars to 
suggest deliberate use of nectar (Chris 
Whitely pers. com.) and therefore should 
be considered rather to be accidentally 

added from the crop which is used vari- 

ously to carry nectar and water. 

A mud-cell, in which oviposition and 

provisioning have been completed, is 

sealed with a mud-plug that fits into the 

neck of the cell, closing but not sealing it. 

After this plug has been constructed there 

is further addition of mud, extending 

across the plug and the rim of the mud- 
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Fig. 18. Plans of two nests of Priscomasaris namibien- 

sis. a and b, vertical in single plane. a -nest with first 

cell only. b—nest with 12 cells. c, transverse in single 

plane. 

cell, effectively sealing it. The remaining 
few millimetres of the lateral shaft are 
then filled with soil. Finally, where the 
shaft curves away from the vertical shaft, 
mud is used for sealing and plastering so 
that, when a nest with sealed cells is 
opened, there is no sign in the walls of the 
vertical shaft that any lateral shaft other 
than one leading to an open cell exists 
(Fig. 22). 

A first cell having been completed and 
sealed off, a second lateral shaft leading to 

a second cell is excavated (and a mud cell 

constructed within it) at the same depth 

as the first and in the same plane, but at 
an acute angle from it. 

On the completion and sealing off of the 
second cell a third lateral shaft with cell is 
excavated almost immediately below the 
first after a slight deepening of the vertical 
shaft. A fourth shaft and cell follows al- 
most immediately below the second in the 
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same plane as the third. Excavation of fur- 
ther lateral shafts with cells follows this 
pattern so that a double “stack” of sub- 
horizontal cells (excavated cells each con- 
taining a constructed mud-cell) forms to 

one side of the vertical shaft. 
Of the 22 nests investigated at Mariental 

on 10 March 5 (22.7%) had not yet reached 
the stage of lateral shaft excavation, 4 

(18.2%) had reached lateral shaft excava- 
tion but not cell excavation, 6 (27.3%) had 
one cell each, and 5 (22.7%) had two cells. 
Twelve days later 12 nests were investi- 

gated, 4 (33.3%) had one cell each, 1 (8.3%) 
two cells, 2 (16.7%) three cells, 2 (16.7%) 
four cells, 1 (8.3%) 11 cells, and 1 (8.3%) 

Lo-celis, 
Taking two as possibly the largest num- 

ber of cells per nest on 10 March and 13 
twelve days later, it is estimated that it is 
possible that a cell could be prepared, ovi- 
posited into and provisioned in a single 
day. This is of course a very rough esti- 
mate but would be comparable with the 
rate observed for Celonites latitarsis Gess 
(Gess and Gess 1992) and Masarina strucki 

Gess (Gess, Gess and Gess 1997). 

Life history.—From two nests each with 
a constructed mud-cell, empty except for 
an egg, it was possible to establish the po- 
sitioning of and appearance of the egg. 
The eggs were white, slightly curved, 
more rounded at one end than at the oth- 
er, 2.6 and 2.22 mm in length and 0.72 and 
0.68 mm in diameter at mid-length. Each 
egz was positioned across the inner end 
of the mud-cell, cemented at its narrower 
end to the mud-cell wall. 

A larva initially feeds only from one 
side of the mass of provision so that the 
“pollen loaf’ extracted from a cell with a 

feeding early instar larva is not of even 
diameter along its length, but has an acen- 
tric process at the inner end, the length of 
the process in relation to the length of the 
provision being in proportion to the size 
of the larva. 

The larva consumes the entire provision 
and then defecates at the inner end of the 
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mud-cell. The fecal mass forms a mustard 
coloured deposit on the inner surface of 
the mud-cell to a distance of 3-4 mm from 
the inner end. Microscopic examination 
revealed that it contains a mass of empty 
pollen grain walls, in no way macerated, 
with the pores widely extended. In addi- 
tion approximately half-way along the 
length of the mud-cell an irregular mass 
of white crystaline matter is deposited. In 
several of the cells investigated fungal hy- 
phae bearing penicillate sporangiophores 
and white spores covered the fecal mass. 

The mud-cell walls from the edge of the 
fecal layer to approximately 10 mm from 
the inner end of the cell are lined by the 
larva with a parchment-like silken layer. 
At approximately 10 mm from the inner 
end of the cell it constructs a seal. Viewed 
from within the mud-cell the seal is in the 
shape of a round, flat-bottomed dish and 

viewed from the mud seal looking into the 
cell it has the appearance of a truncated 
cone. Both surfaces are brown and var- 
nished in appearance. Between the inner 
and outer sloping walls is a series of silken 
parchment-like lamellae (Fig. 23). The cen- 
tral disc which forms the bottom of the 
inner ‘‘dish’’ and outer inverted ‘‘truncat- 
ed cone” is thin and translucent. As the 
silken covering of the mud-cell walls only 
extends to the fecal mass there is not a 
complete cocoon. 
On emerging the adult ‘cuts’ out the 

flat, varnished “bottom’’ of the dish-like 
seal leaving a circular lamellate collar in 
place. The “varnished” disc is left pushed 
to one side. 

Voltinism.—The findings suggest that 
there can be at least two generations of P. 
namibiensis per year. Clearly the nests in- 
vestigated on 9 and 10 March were all re- 
cently started by recently emerged fe- 
males. Those investigated on 22 March 
were a mixture of recently started nests 
and nests of which the initiation was prob- 
ably contemporary with those investigat- 
ed on 10 March. This suggested an initial 
staggered emergence of females. The nests 

Nm Ol 

investigated on 31 March and 2 April, af- 
ter a week of rains, were all recently start- 
ed. These could have been initiated by a 
fresh flush of females of the same gener- 
ation as the nest builders of 10 March or 
a second generation of adults. 

That P. namibiensis is possibly bivoltine 
was demonstrated further, when, later in 

April, a male and two females emerged 
from three mud-cells collected on 22 
March from nests of actively nesting fe- 
males, there being no evidence of re-use 
of natal nests. 

DISCUSSION 

Gess and Gess (1980 and 1992) and S.K. 

Gess (1996) discussed possible evolution- 

ary sequences in the Masarinae. They sug- 
gested a sequence from the excavation of 

burrows with excavated cells only (as 
practised by Ceramius damarinus of species 
Group 4, Ceramius species of Group 8 and 
Trimeria howardi) through excavated bur- 
rows with constructed earthen-cells with- 
in excavated cells with earth for construc- 
tion being derived from within the bur- 
row (as practised by Ceramius species of 
groups 2, 3, 5, 6, and 7, at least three spe- 
cies of Paragia and at least two species of 
Jugurtia) to the presumably more ad- 
vanced construction of aerial earthen-cells 
(as typically practised by Celonites, Pseu- 
domasaris and Gayella). 

That P. namibiensis constructs earthen- 
cells (mud-cells) within excavated cells 
suggests that this behaviour is plesio- 
morphic for Masarinae and that excava- 

tion of cells without constructing cells 
within them is, for Masarinae, derived. 

Descriptions of nesting by Euparagia scu- 
tellaris Cresson (Williams 1927, Clement 

and Grissell 1968 and Trostle and Torchio 
1986) do not suggest that Euparagia (Eu- 

paragiinae, formerly included in Masari- 
dae) constructs earthen-cells within exca- 

vated cells. Similarly, there appears to be 
no evidence for construction of cells in 
self-excavated cells by any Eumeninae. It 
would seem that construction of earthen- 



6 JOURNAL OF HYMENOPTERA RESEARCH 

ise 

Figs. 19-23. Nest burrow and constructed mud-cells of Priscomasaris namibiensis. 19, Burrow cut in vertical 
plane. 20, Constructed mud-cells, four viewed end on (note papillate inner end of mud-cells) and one cut 
transversely to show thickness of cell wall and smoothed inner surface. 21, Group of constructed mud-cells 
with second cell from top showing ‘‘fish-scale’’ pattern. 22, Group of constructed mud-cells sealed off from 
cut main shaft which is shown cut vertically. 23, Constructed mud-cell cut longitudinally, showing fully grown 
larva and silken parchment-like closure. 
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cells within self-excavated cells is, in the 
Vespidae, probably restricted to Masari- 
nae. Indeed, construction of cells within 

self-excavated cells by aculeate wasps ap- 
pears to be restricted to Masarinae and 
certain Apoidea, the two groups of acu- 
leates that provision with pollen and nec- 
tar. 

The egg of E. scutellaris is, like that of 
Eumenidae, attached to the cell wall by a 
thread (Trostle and Torchio 1986) suggest- 
ing that attachment of the egg by a thread 
is plesiomorphic for Vespidae. It is there- 
fore of note that the egg of P. namibiensis, 
like that of all other Masarinae, for which 
the egg is known, is not attached by a 
thread. 

S.K. Gess (1996) stated that as a general 
rule at temperate latitudes pollen wasps 
appear to be univoltine but that Zucchi et 
al. (1976) suggested that T. howardi in sub- 
tropical South America may be bivoltine. 
It is therefore of particular interest that it 
has now been demonstrated that P. nami- 
biensis is bivoltine. This suggests that the 
recorded second flush of nesting by Jugur- 
tia confusa Richards (Gess and Gess 1980) 
after late summer rain in the Eastern Cape 
of South Africa may indicate that under 
optimal summer conditions Jugurtia may 
also be bivoltine. It is therefore possible 
that whether or not pollen wasps in south- 
ern Africa are uni- or bi-voltine varies 
from year to year with varying spring and 
summer rainfall patterns. 
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APPENDIX 1 

Collection records of Priscomasaris namibiensis Gess 

listed under the vegetation types of Giess (1971) (giv- 

en by number and name, see also Fig. 1) and the bi- 

omes of Rutherford and Westfall (1986) as adapted 

by Lovegrove (1993) (see Fig. 2). 

5—Mopane Savanna (falling within the Nama Karoo 
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Biome) 

20 13 BB [20.15-20.30S 13.45-14.00E], Wéreldsend 

(M. Penrith, v.1982) (pers. com. J. Carpenter, 

29.x.1999) 

20.175 14.05E, between Palm and Khorixas (F. W. 

and S. K. Gess, 31.11.1997) 

20.26S 14.54E, 15.5 km by road west of Khorixas (F. 

W. and S. K. Gess, 31.111.1997) 

20.315 14.56E, 23 km by road from Khorixas to Uis 

(F. W. and S. K. Gess, 1.iv.1997) 

9—Dwarf Shrub Savanna (falling within the Nama 

Karoo Biome) 

24.115 16.56E, southeast of Bullsport (F. W. and S. 

K. Gess, 11.i11.2000) 

24.40S 17.57E, 5 km south of Mariental by road to 

Keetmanshoop (F. W. and S. K. Gess, 10 and 

31.111.2000 and 2.iv.2000) 

24.585 17.55E, 43 km south of Mariental by road to 

Keetmanshoop (F. W. and S. K. Gess, 4.iv.1997) 

25.175 17.50E, 7 km south of Gibeon railway siding 
by the Mariental/ Keetmanshoop road (F. W. 
and S. K. Gess, 9.1ii. and 3.iv.2000) 

25.245 17.54E, 97 km south of Mariental by road to 

Keetmanshoop (F. W. and S. K. Gess, 4.iv.1997) 

25.535 18.07E, Tses, 161 km south of Mariental by 

road to Keetmanshoop (F. W. and S. K. Gess, 

4.iv.1997 and 17.iv.1998) 
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The Australian Species of Pachiyneuron Walker 

(Hymenoptera: Chalcidoidea: Pteromalidae) 
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Agri-Food Canada, Ottawa, Ontario, Canada K1A 0C6 (E-mail: gibsong@em.agr.ca) 

Abstract.—Four species of Pachyneuron Walker are recognized from Australia: P. aphidis (Bouché 
1834), P. emersoni Girault (1916), P. nelsoni Girault (1928) and P. rieki Gibson, n. sp. A lectotype 

is designated for P. emersont. Pachyneuron kingsleyi Girault (1916) is formally synonymized with 
P. emersoni (new synonymy). Males and females of the four species are differentiated by key 
features, illustrated, and compared with morphologically similar species present in other regions. 
Pachyneuron emersoni and P. rieki are restricted to Australia, P. aphidis and P. nelsoni are more 

widely distributed. World distribution is summarized for P. aphidis and P. nelsoni and Australian 

distribution and host records are compiled for all the species. 

Pachyneuron Walker consists of about 50 

recognized world species with the follow- 
ing distribution as listed by Noyes (1998): 
Afrotropical (4), Australasian (5), Oriental 

(8), Neotropical (11), Nearctic (12) and Pa- 

learctic (28). Szelényi (1942) gave a key to 

the Palearctic species, Graham (1969) to 

the European species and Kamijo and 

Takada (1973) to the Japanese species, but 
in other areas the species are unrevised 

and some distributional records listed in 
Noyes (1998) are questionable. Most spe- 

cies are hyperparasites of Aphididae or of 
other plant sucking Hemiptera (Coccoi- 
dea, Psylloidea) through their Braconidae 
(Ichneumonoidea) or Aphelinidae and En- 

cyrtidae (Chalcidoidea) primary parasit- 
oids, or are primary parasitoids or hyper- 
parasitoids of the predators of these plant 
pests (Diptera: Syrphidae, Chamaemyi- 
idae; Coleoptera: Coccinellidae; Neurop- 
tera: Chrysopidae). Some species are also 
recorded as pupal parasitoids of mining or 
gall forming Diptera (Agromyzidae, Chlo- 
ropidae, Cecidomyiidae) or as egg para- 
sitoids of several families of Lepidoptera 
(apparently as hyperparasitoids), and 

there are rare records from other families 

of Diptera, Hymenoptera and Coleoptera 
(Noyes 1998). 

Boucek (1988) listed four species of Pa- 
chyneuron from Australia, but suggested 
that P. kingsleyi Girault was probably only 
a form of P. emerson Girault and estimat- 
ed that there were probably five valid spe- 
cies. Based on the very few localities listed 
by Bouéek (1988) for the species and the 
absence of other than the original publi- 
cations of Girault on Australian Pachyneu- 
ron, the genus might be thought to be rel- 
atively rare and unimportant. However, 
three of the four recognized species are 
common and two are widely distributed 
throughout Australia (Figs. 49-51). I ex- 
amined over 2,000 specimens for this 

study and the species undoubtedly are 
major factors in the population dynamics 
of Australian aphids and their syrphid 
predators. The purpose of this study is to 
differentiate the Australian species and to 
tabulate the known hosts and distribution 
of the species in Australia. 

MATERIALS AND METHODS 

Literature citations for W.H. Ashmead 

and A.A. Girault incorporate the paper 

numbers, between brackets following the 
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year of publication, that are used in their 
bibliographies by Crawford (1908) and 
Dahms (1978), respectively. Morphologi- 
cal terms and abbreviations used for struc- 
tures mostly follow Gibson (1997). Newly 
used abbreviations and terms are: ‘mvw’ 
for ‘marginal vein width’, the maximum 

width of the marginal vein, and petiole 
‘body’ (Fig. 22) for the more or less rect- 
angular portion posterior to the constrict- 
ed or tapered petiole ‘neck’ (Fig. 22) that 
articulates with the propodeal foramen. 
Measurements were made from dry- 
mounted specimens using an ocular mi- 

crometer with 100 divisions per centime- 
tre and a binocular microscope with zoom 
magnification up to 225. Specimens for 
scanning electron microscopy (SEM) were 
prepared following Bolte (1996); illustra- 

tions of P. aphidis were made from speci- 
mens from North America. The SEM mi- 
crograph negatives were converted into a 

digital format using a 35mm scanner. Pho- 
tographs of forewings mounted in Canada 
Balsam on slides were taken using a digital 
camera mounted on a dissecting micro- 
scope. These digital images were enhanced 
using Adobe Photoshop™, and assembled 
into final plates using CorelDraw™. Distri- 
bution maps were generated using Bio- 
link©. Only those localities whose position 
could be determined unequivocally were 
mapped so that the maps generally are 
less comprehensive than the listed rec- 
ords. Length of the sections summarizing 
material examined under ‘Distribution’ for 
each species was reduced using the fol- 
lowing procedures: all specimens validat- 
ing locality records are in ANIC unless 
otherwise indicated; locality records are 
listed in alphabetical order with different 
localities separated by a period, records 
with the same primary locality are sepa- 

rated by semicolons and the primary lo- 
cality is omitted from the second and sub- 
sequent records; the sex and number of 
specimens examined are not given for the 
three common species; all collection dates 
have been standardized, including omit- 
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ting the first two numerals of the year; and 
the four most frequent collectors, C.J. Bur- 

well, J.C. Cardale, I.D. Naumann and J.S. 

Noyes are shortened to CJB, JCC, IDN and 

JSN, respectively. The study was based on 
specimens provided by the individuals 
and collections listed below; acronyms are 
used in the text to denote depositories of 
specimens; those collections denoted with 
an asterisk provided type material or oth- 
er specimens of Nearctic and Palearctic 
species that were used to help establish 
correct nomenclature. 
ANIC Australian National Insect Col- 

lection, CSIRO, Canberra, ACT 

(J. Cardale and S. Schmidt) 
Agricultural Scientific Collec- 
tions Unit, Orange Agricultural 
Institute, Orange, NSW (M. 
Fletcher and P. Gillespie) 
The Natural History Museum, 
London, England (J. Noyes) 

Canadian National Collection 
of Insects, Ottawa, ON, Canada 

Queensland Department of Pri- 
mary Industries, Brisbane, QLD 
(J. Donaldson) 

Hokkaido Forest Experiment 
Station, Bibai, Hokkaido, Japan 

(K. Kamijo) 

Muséum d'Histoire naturelle, 
Geneva, Switzerland (B. Merz) 

Queensland Museum, Brisbane, 

QLD (C. Burwell) 

University of Queensland Insect 
Collection, St. Lucia, QLD (G. 

Daniels) 

United States National Ento- 
mological Collection, U.S. Na- 

tional Museum of Natural His- 
tory, Washington, DC (E. Gris- 

sell) 

Waite Agricultural Research In- 
stitute, University of Adelaide, 
Glen Osmond, SA (A. Austin) 

Pachyneuron Walker 

Pachyneuron Walker, 1833: 371, 380. Type spe- 

cies: Pachyneuron formosum Walker, by mon- 
Otypy. 

ASCU 

BMNH* 

CNCI* 

DPIOQ 

HFES* 

MHNG* 

OQMBA 

UQIC 

USNM* 

WARI 
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Pachynevron Blanchard, 1840: 260, 266. Unjusti- 

fied emendation. 
Pachynevrum Agassiz, 1846: 778. Unjustified 

emendation. 
Serimus Bréthes, 1913: 90. Type species: Serimus 

argentinus Brethes, by monotypy. Synonymy 

by De Santis, 1957: 118. 
Propachyneuronia Girault, 1917[327]: 102. Type 

species: Encyrtus siphonophorae Ashmead, by 

original designation. Synonymy by Gahan, 

1918: 66. 
Nepachyneuron Girault, 1917[330]: 9. Type spe- 

cies: Pachyneuron eros Girault, by original 
designation. Synonymy by Timberlake, 1926: 

308. 
Eupachyneuron Blanchard in Leiboff, 1948: 256. 

Type species: Eupachyneuron bosqui Blan- 

chard, by monotypy. Synonymy by Bouéek, 

1988: 441. 
Atrichoptilus Delucchi, 1956: 141-142. Type spe- 

cies: Pachyneuron aeneum Masi, by original 

designation. Synonymy by Boucek, 1965: 18. 
Pachyneuron (Serimus); De Santis, 1975: 8-10. 

Change of status. 

Diagnosis.—Head without distinct malar 
depression; clypeus with apical margin 
shallowly emarginate (Figs. 17, 18) to pro- 
duced (Figs. 1, 2); gena and lower face ex- 
cluding clypeus mostly isodiametric-retic- 
ulate (Fig. 18); torulus at or above lower 

orbit near middle of face (Figs. 1, 13, 16, 
17, 25, 30, 47). Mandible with four teeth 

(Figs. 1, 2). Antenna 13-segmented with 2 

or 3 anelli; scape of female, when ap- 

pressed to head, extending to anterior 
ocellus; scape of male subequal in width 
or evenly tapered to apex, (Figs. 9, 21, 33, 
34, 45, 46). Pronotum visible in dorsal 

view, with pronotal carina (in regional 
species) (Figs. 3, 4, 14, 26, 37, 38). Meso- 

notum reticulate, the sculpture formed by 
raised ridges; mesoscutum with incom- 
plete notauli (Figs. 3, 4); mesopleuron 

with upper mesepimeron shiny and much 
more finely sculptured than lower mese- 
pimeron (Figs. 4, 38). Propodeum with su- 
pracoxal flange shorter than length of nu- 
cha (Fig.15). Metacoxa bare dorsobasally 

(Figs. 4, 38), outer surface smooth to cori- 

aceous-reticulate, much more finely sculp- 

31 

tured than reticulate femoral depression 
(Figs. 4, 38). Forewing with marginal vein 
noticeably thicker than stigmal or post- 
marginal veins and at least slightly wid- 
ened distally, about as long as stigmal 
vein and at most 0.35 length of costal cell 
(Figs. 6, 24, 36, 48). Gaster variably dis- 
tinctly petiolate (Figs. 11, 22, 27, 41); first 
gastral sternum with anterior margin un- 

modified, not produced into flange be- 
neath petiole (Figs. 12, 28, 42); terga flat to 
low convex in critical-point dried female, 
often flat or collapsed in air-dried female. 

Remarks.—Australian Pachyneuron can 

be identified to genus using the key of 
Boucek (1988). Individuals are most likely 

to be confused with specimens of the 
monotypic genus Inkaka Girault (Boucek 
1988, figs. 767-769), but specimens of I. 
quadridentata (Girault) differ conspicuous- 

ly by lacking a carinately margined pron- 
otal collar, the pronotum being almost 
vertical and not visible in dorsal view. In- 
dividuals of Inkaka also have an obvious 
malar depression, the antennal toruli 
slightly below the level of the lower orbits, 
and a more elongate-slender marginal 
vein that is at least 0.4 times as long as the 
costal cell; in females the scape does not 
extend to the anterior ocellus, and in 

males the scape has two distinct subapical 
lobes on its anterior outer margin so as to 
appear emarginate subapically. 

Coruna Walker and Euneura Walker are 
not yet recorded from Australia, but com- 
prise species that are hyperparasites of 
aphids and that are morphologically sim- 
ilar to species of Pachyneuron. It probably 
is only a matter of time before species of 
one or both genera are accidentally intro- 
duced into Australia. Individuals of Co- 
runa have sulcate notauli that extend to 

the transscutal articulation and therefore 
are easily distinguished from Pachyneuron, 
more subtle features differentiate Euneura 
from Pachyneuron. In Euneura the lower 

face is more extensively longitudinally 
striate-reticulate (Boucek 1988) and the su- 

pracoxal flange is longer than in Pachyneu- 
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ron (Kamijo and Takada 1973). Also, in Eu- 
neura the metacoxa and femoral depression 
are similarly reticulate, whereas in Pachy- 

neuron the metacoxa is much more finely 
sculptured than is the femoral depression. 
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Females of Euneura also have the metaso- 
ma strongly convex and hence more sub- 
circular in cross section than do females of 
Pachyneuron, but this difference is less ob- 
vious in critical-point dried individuals. 

KEY TO AUSTRALIAN SPECIES OF PACHYNEURON WALKER 

1 Both sexes: propodeum uniformly coriaceous anterior to nucha, without plical furrow or 
ridges (Fig. 5); petiole body in dorsal view shiny, virtually smooth and strongly trans- 

verse (Fig. 11); clypeus medially convex and apically rounded to angulate (Figs. 1, 2). 
Female: flagellum with 3 anelli and 5 funicular segments (Figs. 7, 8). Male: antenna brown 

except possibly for extreme base of scape and legs with femora mostly infuscate ...... 

Mi ata ead hile a Ws Re eee nt epee as Pe Ceti ae tana nye Ra kee ws aoe P. aphidis (Bouché) 
— Both sexes: propodeum with variably distinct, more or less W-shaped complex of plicae 

and costulae anterior to nucha (Figs. 15, 29, 39); petiole body in dorsal view strongly 
reticulate to reticulate-rugose and often longer than wide (Figs. 22, 27, 41); clypeus 
medially flat to depressed and shallowly emarginate (Figs. 17, 18). Female: flagellum 
with 2 anelli and 6 funicular segments (Figs. 19, 20, 31, 32, 43, 44). Male: antenna with 

at least scape mostly or entirely yellow and legs yellow ....................0.005. 

2(1) Female: flagellum clavate with longitudinal sensilla along almost entire length of flagellar 
segments and with adpressed setae (Figs. 19, 31, 43) 

— Male: flagellum filiform with longitudinal sensilla in apical half of flagellar segments 

and with semierect setae (Figs. 21, 33, 45) 
3(2) Forewing with basal cell separated from speculum by oblique line of at least 7 setae on 

dorsal surface of basal fold and with 2 or more setae within basal cell near apex (Fig. 

48); petiole body with 1-3 setae projecting anterolaterally from each side near middle 
COIR MA aris, aon ot eihared ag eka & a och dae aeaate ne Rone 4 P. rieki Gibson, new species 

— Forewing usually completely bare basally, but at most with 1 or 2 setae on dorsal surface 

of basal fold (Figs. 23, 24, 35, 36); petiole body without setae projecting from lateral 
margin (Figs. 22, 27) 

4(3) Forewing without marginal fringe (Figs. 35, 36); marginal vein comparatively short and 

thick, length less than 2.5 times maximum width (Fig. 36), and postmarginal vein only 
slightly (less than 1.25 times) longer than stigmal vein (Fig. 36); propodeum reticulate- 

coriaceous anterior to nucha, similarly or even more strongly sculptured medially than 
PespS TaN U2) thakasas hse aha anes ceo ears ain toe SAG eR dares Rack ot eee P. nelsoni Girault 

— Forewing with marginal fringe (Figs. 23, 24) and/or with relatively elongate-slender 

marginal vein at least 3.5 times as long as wide, and with postmarginal vein distinctly 

(at least 1.5 times) longer than stigmal vein (Fig. 24); propodeum with comparatively 

shiny, finely coriaceous to virtually smooth pentagonal or hexagonal region anterior to 

Vit Fel ated oi cams Oc) eae gen eee eee eS Te P. emersoni Girault 

5(2) Forewing without marginal fringe (Figs. 35, 36); flagellar segments oblong, the middle 

segments less than 1.8 times as long as wide (Fig. 33); antenna uniformly yellowish or 
with flagellum light brown 

~ Forewing with marginal fringe (Figs. 23, 24, 48); flagellar segments elongate, middle 
segments more than 1.8 times as long as wide (Figs. 21, 45); antenna usually with dark 

brown flagellum contrasting distinctly with yellow scape 

6(5) Forewing with basal cell separated from speculum by oblique line of at least 7 setae on 

dorsal surface of basal fold (Fig. 48); head with lower face uniformly convex (Fig. 47); 

scape in profile with line of distinct setae along anterior margin (Fig. 46) 

a eats eB handel le. cif ty deren eh AEN P. nelsoni Girault 

Se GaSe Ne AN aa Ses or MERE ach saris SeeMs ahs Ye SER ilsbed P. rieki Gibson, new species 
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— Forewing with basal cell and speculum uniformly bare (Figs. 23, 24) and/or head with 

lower face distinctly depressed or concave lateral to convex supraclypeal area and clyp- 
eus (Fig. 16); scape in profile without line of distinct setae along anterior margin (Fig. 

21b) P. emersoni Girault 

Pachyneuron aphidis (Bouché) 
(Figs. 1-12, 49) 

Diplolepis Aphidis Bouché, 1834: 170. Syntypes; 

types lost according to Graham, 1969: 842. 

Sex described: both. 

Pteromalus minutissimus Forster, 1841: 28. Lec- 

totype male, designated by Delucchi, 1955: 

138. Type data: Germany, bred on Aphidius 
rosarum. Type depository: Naturhistorisches 
Museum, Vienna. Sex described: male. Syn- 

onymy by Reinhard, 1859: 195. 
Pachyneuron pruni Walker, 1850: 128. Lectotype 

female, designated by Graham, 1969: 842. 

Type data: Prussia. Type depository: BMNH. — 
Sex described: female. Synonymy by Gra- 
ham, 1969: 842. 

Pachyneuron aphidis; Reinhard, 

Change of combination. 
Encyrtus stphonophorae Ashmead, 1886[36]: 131. 

Syntypes, female (examined). Type data: 

USA, Florida [Jacksonville] bred in 1881 from 

orange aphis (Siphonophora citrifolii Ash- 

mead). Type depository: USNM, type no. 

4860. Sex described: female. Synonymy by 
Boucek, 1988: 441, 442. 

Pachyneuron aphidivora Ashmead, 1887[37]: 14. 

Syntypes, both sexes (examined). Type data: 

USA, Florida [Jacksonville], bred June 6 from 

the cabbage aphis (Aphis brassicae L). Type 
depository: USNM, type no. 2854. Sex de- 
scribed: female. Synonymy with E. siphono- 

phorae by Girault, 1917[327]: 102. Note: Ac- 

cording to Timberlake (1918: 402) Girault’s 

synonymy is incorrect because notes of A.B. 

Gahan on the types, “taken when they were 
in a better state of preservation than at pre- 

sent, show that aphidivorum has only two 

ring-joints’”. However, although Ashmead 
described only females, both females and 

males are labelled as syntypes in the USNM 
collection and Gahan’s note undoubtedly re- 
ferred to a male. 

Pachyneuron maidaphis Ashmead, 1888: 23. Syn- 
types, female (examined). Type data: USA, 
Florida [Lake City]. Type depository: USNM, 
type no. 26530. Sex described: female. Syn- 

18592. 195. 

onymy with E. 
1917[327]: 102. 

Pachyneuron micans Howard, 1890: 246. Syn- 

types, female (examined). Type data: USA, 

Indiana, Lafayette, reared by Webster from 

Siphonophora avenae. Type depository: 

USNM, type no. 1467. Sex described: both. 
Synonymy with E. siphonophorae by Girault, 

1917(327)}7 102. 

Pachyneuron gifuensis Ashmead, 1904[243]: 158. 

Syntypes, female (examined). Type data: [Ja- 

pan], Gifu, bred by Y. Nawa [Oct. 1902] from 

an Aphis. Type depository: USNM, type no. 

7190. Sex described: female. Synonymy by 

Kamijo & Takada, 1973: 57. 

Serimus argentinus Bréthes, 1913: 91. Holotype 

male. Type data: Argentina: Buenos Aires. 

Sex described: male. Synonymy by De Santis, 

19572 119. 

Pachyneuron lali Mani, 1939: 81. Holotype fe- 

male, by original designation. Type data: In- 

dia: Karnal (Punjab), 15.iii.1938, K. B. Lal, 

bred from Aphis rumicis L. on Solanum ni- 

grum. Type depository: Indian Agricultural 

Research Institute, New Delhi. Sex described: 
female. Synonymy by Boutek et al., 1978: 451. 

Note: purported description of male applies 

to female based on description of three anelli, 

see BouCcek et al. (1978). 

Pachyneuron ferrieret Mani, 1939: 83. Syntypes, 

male. Type data: India: Chaubatia, U-P., 
R.N.L, 22.viii.1935, parasitic on an aphid 

causing leaf curl. Type depository: Indian 

Agricultural Research Institute, New Delhi. 

Sex described: male. Synonymy by Boucek et 

al., 1978: 45. Note: type series mistakenly 

stated as female (Boucek et al. 1978). 

Eupachyneuron bosqui Blanchard in Leiboff, 

1948: 256. Type status unknown. Type data: 

Argentina, La Pampa, reared from Schyzaphis 

graminum. Sex described: female. Synonymy 

with P. aphidis by Boucek, 1988: 442. 
Pachyneuron minutissimum; Delucchi, 1956: 129, 

137-139. Change of combination. 

Pachyneuron triarticulata Mani & Saraswat, 1974: 

98-100. Holotype female, by original desig- 

siphonophorae by Girault, 



nation. Type data: India: Northwest Hima- 

laya, Dalhousie (Ahla catchment area, Kha- 

jjiar), M.S. Mani and party, 18 & 27.v.1971. 

Type depository: USNM, database no. 

0700023. Sex described: female. Synonymy 

by Bouéek et al., 1978: 451. 

Pachyneuron (Serimus) siphonophorae; De Santis, 

1975: 9. Change of status. 
Pachyneuron aphids; Boucek, 1988: 442. 

Female—Body brown to dark brown 
with variably distinct metallic green lus- 
ter; antenna brown except extreme base of 
scape often yellowish; tegula yellow to 
brown; legs with femora variably darkly 
infuscate except apically yellowish, tibiae 
and tarsi yellowish or with tibiae lightly 
infuscate subbasally. Head with clypeus 
convex and apically rounded to angulate 
(Figs. 1, 2). Flagellum with 3 anelli (Fig. 8) 
and 5 funicular segments (Fig. 7); funicu- 
lar segments subquadrate to oblong and 
with long, conspicuous, decumbent setae 
(Figs. 7, 8); longitudinal sensilla extending 
almost entire length of funicular segments, 
separated from each other by distance 
equal to 2-3 sensillar diameters (Fig. 8). 

Forewing (Fig. 6) with marginal fringe; 
with distinct discal setae; dorsally with 
basal cell apically delineated by oblique 
line of setae directed posterobasally from 
base of parastigma; ventrally with poste- 
rior margin of basal cell often delineated 
by longitudinal cubital setal line, and of- 
ten with one to several setae on ventral 
surface near submarginal vein; speculum 
on dorsal surface open posteriorly; costal 
cell with distinct setae on ventral surface; 

veins with following ratios (n = 10): smv/ 
mv = 2.70-3.28, mv/mvw = 2.75-3.58, 

pmv/mv = 1.57-2.12, pmv/st = 1.64— 
2.21. Mesonotum with highly convex, rel- 
atively slender scutellum (Figs. 3, 4). Pro- 

podeum (Figs. 3-5) strongly transverse, 
uniformly striate-coriaceous without me- 

dian carina, costula, or plical carina except 

near nucha, but with paramedial trans- 

verse depressions basally; spiracle circular 
to slightly oval. Petiole without setae pro- 
jecting from sides; in dorsal view body 
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strongly transverse, shiny and _ virtually 
smooth (Fig. 11); in ventral view divided 

mediolongitudinally by white membra- 
nous region (Fig. 12). 

Male.—Similar to female except flagel- 
lum (Figs. 9, 10) with 2 anelli and 6 funic- 
ular segments; all segments, except possi- 
bly preclaval segment, longer than wide 
(at most about 1.8 times). 

Distribution.—Pachyneuron aphidis is a 
cosmopolitan species that Noyes (1988) re- 
corded from over 40 countries and all con- 
tinents except Antarctica. 

Australian distribution (Fig. 49) and 

host records based on label data of ex- 
amined specimens are: Australian Capital Ter- 
ritory: Canberra, 2.xii.46, 18.vi.54, E.F. Riek; coll. 

17.v.89, em. 25.v.89, Diaeretiella rapae ex. Brevicoryne 

brassicae on Sisymbrium officinale, V.F. Eastop; coll. 

10.11.89, em. 18.iii.89, Aphidius sonchi Marshall ex. Hy- 

peromyzus lactucae (L.) on Sonchus oleraceus, V.F. Eas- 

top. New South Wales: Glossodia, 20.vi.80, parasite 

of Aphis nerii, D. James. Katoomba, 2.xii.75, IDN 

(UQIC). Merungle Hill, 2.11.66, on mature oranges, 

M.I. Nikitin (ASCU). Mootwingee Nat. Pk., Old Moo- 

twingee Gorge, 5-8.xi.84, G.R. Brown & H.M. Holmes 

(ASCU). Newport, 18.iii.36, ex. Aphis nerit (ASCU). 

Rob Roy, 29.v.74, ex. ear of wheat, M. Greening 

(ASCU). Rydalmere, 7.vi.61, L.T. Woolcock; 22.11.68, 

parasitized Brevicoryne brassicae, J.T. Hamilton 

(ASCU). Sydney, 20.v.49, ex. pumpkin aphids 
(ASCU). Tamworth, 1.xi.79, ex. Trioxys complanatus 

on spotted alfalfa aphid, N. Forrester. Ulladulla, 

18.1.72, ex. aphid on Cakile edentula, M. Gray; 10.11.81, 
H. lactucae; 17.ii.81. Warrumbungles Nat. Pk. via 

Coonabarabran, 17.xii.74, IDN (UQIC). Wellington, 

23.11.54, ex. B. brassicae. Queensland: Beerwah, 3.5 km 

NW (26.505 152.56E), CJB (UQIC). Brisbane, Alan 

Fletcher lab., ix.82, ex. galls on Rhopalomyia californica 

Felt, P. McFadyen (QDPI). Bunya Mts. Nat. Pk. nr. 

Westcott Plain (26.525 151.34E), 6-7.x.84, IDN & JCC. 

Camp Mt., 1.x.61, ex. Aphis nerii on Asclepias curas- 

stuica, E.LN. Marks (UQIC). Cecil Plains, D-Vac SIR- 

ATAC trial in cotton, 1981-82, P.D. Rossiter (QDPI). 

Gatton, 16.v.78, ex. Merophyas divulsana, B. Franz- 

mann (QDPI); 5.v.81 (QDPI); D.P.I. Research Station, 

1-7.ix.81, 7-14.ix.81, 21-28.ix.81 (QDPI). Helidon, 

30.vill.79, ex. Aphidius colemani on Aphis nerit, B.A. 

Franzmann (QDPI). Lake Broadwater, 25 km SE Dal- 

by (27.225 151.06E), 2-3.iv.96, CJB (QMBA). Miles, 1 
km W, Dogwood Ck., 7.x.74, I.D. Galloway (QMBA). 

Mt. Glorious (27.20S 152.46E), 27.ix.95, S.G. Evans 

(QMBA). Russell Pk. nr. Mt. Mowbullan (26.535 

151.37E), 7.x.84, IDN & JCC. Sanford, x.61, E. War- 

wick. Tenthill, 15.viii.79, ex. Aphidius colemani in 
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6 
Figs. 1-6. Pachyneuron aphidis: 1, head, frontal (2); 2, cly peus and mandibles nesosoma, dorsal (@ ) 

en : oe a 4, mesosoma, lateral (); 5, scutellum-propodeum (3); 6, forewing (2). Scale bars 1. Abbreviations: bs 

= basal setal line, cs] = costal setal line. 
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Figs. 7-12. Pachyneuron aphidis: 7, antenna (¢ ): 7a, entire, 7b, anelli and funicular segments; 8, basal flagellar 
segments, fl,—-fl, (°); 9, antenna (¢): 9a, entire, 9b, middle funicular segments, fl.—fl.; 
ments, fl,—-fl, (3); 11, petiole, dorsal (@ ); 12, petiole, ventral (2). Scale bars = jum. 

10, basal flagellar seg- 
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Aphis neru, B.A. Franzmann (QDPI). Toowoomba, 

16.v.75, ex. mummies on Rhopalosiphum maidis, H. Bri- 

er (QDPI); 15.x.79, ex. Aphidius colemani on Aphis nerit, 

B.A. Franzmann (QDPI). South Australia: Adelaide, 

Waite Institute, iv.88, hyperparasite of Aphidius son- 

chi, D. Martin (WARI). “Brecon”, 10 km S Keith, 

26.i.82, A.D. Austin (QDPI). Glen Osmond, Waite Ag. 

Res. Inst., coll. 24.111.82, em. 30.iii.82, ex. pea aphid, 

D. Samoed]; W.A.R.L, 21.i1.81, ex. Trioxys, SAA culture 
on lucerne, D. Samoedl; Waite Institute, vi.73, ex. 

Brevicoryne brassicae and Myzus persicae, C. Crawford. 

Pinnaroo, 25 km SSW (35.285 140.47E), 20.x.89, 

24.x.89, IDN & JCC; 49 km SW (35.425 140.49E), 

20.x.83, 24.x.83, IDN & JCC. Victoria: nr. Benalla, 

9.11.78, ex. T. maculata. 

Hosts.—Noyes (1988) listed 115 species 
and 62 genera as hosts for P. aphidis in the 
following taxa: Diptera (Cecidomyiidae, 
Syrphidae), Hemiptera (Aphidoidea: 
Aphididae, Pemphigidae; Coccoidea: Coc- 

cidae, Kermesidae, Pseudococcidae; Psyl- 
loidea: Psyllidae), and Hymenoptera 
(Chalcidoidea: Aphelinidae, Encyrtidae; 

Ichneumonoidea: Braconidae). Based on 

label data, Australian primary and _ sec- 
ondary hosts include Aphididae: Acyrtho- 
siphon pisum (Harris), Aphis nerit (Fonsco- 

lombe), Brevicoryne brassicae (L.), Nasonovia 

(= Hyperomyzus) lactucae (L.), Myzus per- 
sicae (Sulzer), Therioaphis maculata (Buck- 

ton) and Braconidae: Aphidius colemant Vi- 
ereck, Aphidius sonchi Marshall, Diaeretiella 

rapae (McIntosh), Trioxys complanatus 
(Pérez). There is also a single record from 
Merophyas divulsana (Walker) (Lepidop- 
tera: Tortricidae) and an anomalous re- 

cord of ‘galls’ on Rhopalomyia californica 
Felt. 

Remarks.—Pachyneuron aphidis is the 
only species of Pachyneuron in Australia 
with a convex, apically rounded or angu- 
late clypeus (Fig. 2). It is further differen- 
tiated from P. nelsoni and P. emersoni fe- 
males by the presence of a basal setal line 
on the forewing (Fig. 6); however, speci- 

mens of P. rieki (Fig. 48) and rare P. emer- 

soni males also have a forewing basal setal 
line. Females of P. aphidis are also unique 
within the genus because they have 3 
anelli and 5 funicular segments, and the 

flagellum differs from those of other Aus- 

ww “I 

tralian species because it has conspicuous 

decumbent setae similar to males (Figs. 7, 

8). Males are easily distinguished by their 
brown antennae, males of the other spe- 
cies have at least the scape yellow. 

Because of a similar clypeus and pro- 
podeum, individuals of P. aphidis are mor- 
phologically most similar to P. californicum 
Girault (1917[322]), known only from 

America north of Mexico. However, in P. 

californicum the petiole is completely scler- 
otized ventrally (i.e., forming a complete 
tube, cf. Fig. 28) even though short as in 
P. aphidis, and the speculum is usually 
closed on the ventral surface by a line of 
setae along the cubital fold. 

Pachyneuron emersoni Girault 
(Figs. 13-24, 50) 

Pachyneuron emersoni Girault, 1916[274]: 229- 

230. Lectotype female, complete (examined), 
here designated: ‘878 ”, “Swan Riv, W. 

Austr.”, ““G. Compere Collector’, ‘2? Lecto- 

type Boucek 1985’. Type depository: USNM, 

type no. 19691. Paralectotypes, here desig- 
nated: 1 point with mesosoma, same data as 

lectotype (USNM type no. 19691); 1 slide 
with parts of two male antennae under one 
cover slip and a crushed head, one female 

hind leg and two male hind legs under an- 

other cover slip (USNM type no. 19691); 1 
point with mesosoma, same data as lectotype 
(QMBA type no. HY 3568); 1 point with pair 

of middle legs, same data as lectotype plus 
“from Icerya, California, Alex. Craw, import 

from Australia) G. Compere, July 1900” 
(QMBA type no. HY 3568). Notes: Although 
Boucek labelled the two USNM point- 
mounted specimens as lectotype and para- 
lectotype he did not validate these designa- 
tions through publication. Girault’s original 
description stated that the USNM has “two 
females on tags plus the slide’; however the 
point-mounted USNM paralectotype is a 

male, based on leg structure and color. The 

male antennae on the slide may belong to 

this specimen but it is unknown to which 
specimen the other parts belong. 

Pachyneuron kingsleyi Girault, 1916[274]: 230. 

Holotype female (examined). Type data: 

Australia: N.S.W., Brooklyn, 31 October 1914. 
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Type depository: QMBA, type no. HY 3569. 

Sex described: female. New synonymy. 
Pachyneuron emersont; Dahms, 1983: 246; Bou- 

cek, 1988: 442. 
Pachyneuron kingsleyi; Girault, 1927[416]: 335; 

Girault, 1929[431]: 319; Dahms, 1984: 738- 

739; Boucek, 1988: 442. 

Female-—Body dark with variably dis- 
tinct metallic green luster; antenna dark 
brown except with basal half to all of 
scape yellow; tegula yellow; legs with 
femora variably darkly infuscate except 
apically yellowish, tibiae and tarsi yellow- 
ish. Head with clypeus flat to slightly de- 
pressed and apically shallowly emarginate 
(Fig. 13). Flagellum compact-clavate, with 
2 anelli (Fig. 20) and 6 funicular segments 

(Fig. 19); funicular segments slightly lon- 
ger than wide basally to quadrate or 
slightly transverse apically and with ad- 
pressed setae (Figs. 19, 20); longitudinal 
sensilla extending almost entire length of 
funicular segments, separated from each 
other by distance equal to 1-2 sensillar di- 
ameters (Fig. 20). Forewing (Figs. 23, 24) 
usually with marginal fringe; with distinct 
discal setae; dorsally without line of setae 
differentiating apex of basal cell from 
speculum (very rarely with 1 or 2 setae on 
basal fold); ventrally without line of setae 
along cubital fold; costal cell with distinct 
setae on ventral surface (Fig. 23b); veins 

with following ratios (n = 10): smv/mv = 
2.94-3.60, mv/mvw = 3.63-4.86, pmv/mv 
= 1.32-1.64, pmv/stv = 1.55-1.80. Meso- 

notum with relatively low convex, broad 
scutellum (Fig. 14). Propodeum (Fig. 15) 
with posteriorly convergent, carinately 

margined plical ridges and usually less 
distinct, often irregularly Q-shaped anter- 
omedian carina or ridge (costula) near 
base, the ridges together differentiating a 
more or less W-shaped basal region with 
coriaceously sculptured anterolateral de- 
pressions from a mostly shiny and smooth 
to finely coriaceous pentagonal or hexag- 
onal posteromedian region anterior to a 

coriaceous or medially smooth and shiny 
nucha, with the short region anterior to 1- 
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shaped ridge crenulate and the surface lat- 
eral to plical ridges finely coriaceous; spi- 
racle distinctly oval. Petiole without setae 
projecting from sides (Fig. 22); in dorsal 
view distinctly (at least 1.75 times) longer 

than wide, with body slightly to distinctly 
longer than wide and uniformly reticulate 
(Fig. 22); in ventral view completely scler- 
otized with median furrow, the body dis- 
tinctly longer than wide, finely coriaceous- 
reticulate and shiny. 

Male.—Similar to female except as fol- 
lows: body brighter metallic green or blu- 
ish green; legs uniformly bright yellow be- 
yond coxae except metafemur sometimes 

lightly infuscate; head with lower face dis- 

tinctly concave (Fig. 16) to very shallowly 
depressed (Figs. 17, 18) lateral to convex 
supraclypeal area and clypeus; scape en- 
tirely yellow or brownish apically, slightly 
expanded and flattened basally immedi- 
ately above radicle, tapered apically and 
slightly curved, and in lateral view with- 
out distinct line of setae along anterior 
margin (Fig. 21b); flagellum usually dark 
brown, filiform; funicular segments elon- 
gate, middle segments more than 1.8 times 
as long as wide and all segments with 
very sparse longitudinal sensilla within 
apical half and with conspicuous, semi- 
erect setae about as long as width of seg- 
ment (Figs. 21a, c); forewing always with 

marginal fringe; basal cell on dorsal sur- 
face sometimes delineated apically by line 
of up to 7 setae, with 1-3 setae sometimes 

also delineating extreme posteroapical an- 
gle of cell, and rarely with 1-3 setae with- 
in cell toward apex. Petiole usually with- 
out setae, rarely with single seta projecting 
anterolaterally from one side near middle. 

Distribution (Fig. 50).—Australian Capital 
Territory: Bendora, 14.xii.60, D.H. Colless. Blundell's, 

26.ix.30, 14.iv.31, L.F. Graham; 6.1.61, E.F. Riek. Brin- 

dabella Ra., Lees Spring (35.225 148.49E), 24.xi.81, 

IDN; nr. Lees Spring, 24.xi.31, L.F. Graham; Mt. Gin- 

ini, 24.xi.81, IDN. Canberra, 14.11.39, from cabbage, 

T.G. Campbell; 3.xii.39; 29.ix.46, 2.x.46, 6.viii.47, 

15.vii.48, 8.xi.48, E.F. Riek; 25.xi.65, O.W. Richards; 

10.v.66, ex. Aphis craccivora, D. Morgan; 18.1.80, on Eu- 

calyptus blossom, IDN; 20.i.80, on Baeckia blossom, 
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Figs. 13-18. Pachyneuron emersoni: 13, head, frontal (¢ ); 14, mesosoma, dorsal (°); scutellum-propodeum 

(¢); 16, head, frontal (3); 17, head, frontal (¢); 18, lower face (¢) (arrows point t ons of finer sculpture 

within depressions). Scale bars = m. Abbreviations: cos = costula, nuc = nucha, pl plica, scf = supracoxal 

flange. 
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Figs. 19-24. Pachyneuron emersont: 19, antenna (2): 19a, entire, 19b, anelli and funicular segments; 20, basal 
flagellar segments, fl,-fl, (°); 21, antenna (¢): 21a, entire, 21b, scape, 21c, middle funicular segments, fl.—fl.; 
IO! canis : : QO). he ; : eae tAD : : son 22, petiole, dorsal (2); 23, forewing, SEM of dorsal surface: 23a, entire, 23b, submareginal vein and costal cell 
(arrow points to costal setae) (d ); 24, forewing, photograph (2). Scale bars = jm. 
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IDN. Canberra, nr. airport, 7.iv.53, 14.1v.53, ex. syr- 

phid pupa Eucalyptus melliodora, E. Lewis; 8.iv.53, ex. 

syrphid pupa under Euc. maculosa, E. Lewis. Canber- 

ra, Black Mt., 22.v.53, ex. syrphid pupa Euc. blakelyi, 

E. Lewis; 14.iii.67, 9-16.xi.79, 17-26.xi.79, D.H. Col- 

less; 2-10.iv.68, 28-29.iv.68, light trap; 18.x1.79, Z. Lie- 

pa; 600m, 7-12.1ii.80, dry sclerophyll, A. Newton & 

M. Thayer; iii, iv, v, vii, ix, x, 24.x-1.xi, xi.82, IDN & 

JCC. Canberra, Capital Hill, coll. 21.x.53, em. 21.xi.53, 

ex. syrphid pupa Euc. blakelyi, F. Wheelhouse; ex. 
curled leaf E. melliodora, 9.11.53, E. Lewis. Canberra, 

Farrer, 27.xi.80, 7.xii.80, R. Rentz. Gibraltar Falls, 

27.i1.84, IDN. Gingera, 6.11.52, E.F. Riek. Ginninderra, 

22.iii.66, G. Grant. Molonglo, 8.iv.83, ex. syrphid 
pupa under Euc. maculosa, E. Lewis. Mt. Coree, 

30.1.64, D.H. Colless; 2 mi E, 19.xi.68, JCC & S. Curtis. 

Mt. Franklin, 4 km N (32.27S 148.46E), 21.ii-10.v.77, 

D.C.F. Rentz. Mt. Gingera, 4.ii.65, D.H. Colless; 

13.i.69, Z. Liepa; 21.11.79, E.C. Zimmerman; 4.1.79, ex. 

lichen, R. Bartell. Picadilly Circus (35.225 148.48E), 
1240m, xii.84, J. Lawrence, T. Weir & M.L. Johnson; 

(35.225 148.49E) 24.xi.81, JCC; 17 km SW (35.275 

148.48E), 24.xi.81, IDN & JCC; 3 km E, Blundell’s Ck 

(35.225 148.50), 850m, ii.84, xii.84, Weir, Lawrence & 

Johnson; ii.87, D.H. Colless; 6 km NW, Wombat Ck 

(35.19S 148.51E), 750m, xii.84, 1.85, Weir, Lawrence & 

Johnson. Quenbeyan, 9.1ii.53, ex. curled leaf E. mel- 

liodera, E.L. Raymond; 2.7 km NE, 670m, 5.iv.80, I.F.B. 

Common. Smokers Flat, 6 km E Corin Dam, 4.iv.80, 

J.F. Lawrence. Woods Reserve nr. Gibraltar Falls, 

27.1.84, IDN. New South Wales: Alpine Creek, Kian- 

dra, 9.xii.64, E.F. Riek. Arcadia, 10.ii.67, M.I. Nikitin 

(ASCU). Ardlethan, 31 km SE (34.375 147.01E), 

10.ii.92, CJB (UQIC). Bald Rock Nat. Pk., 30.xi.81, 

M.A. Schneider & G. Daniels (UQIC). Barrington 

Tops S.F., Dilgry River (31.538 151.32E), 15-16.xi.81, 

T. Weir; Gloucester R (32.045 151.41E), 12-14.x1.81, T. 

Weir & A. Calder; Moppy Lookout (31.545 151.33E), 

18.xi.81, T. Weir; 3km W Moppy Lookout (31.545 

151.31E), 18.xi.81, T. Weir & A. Calder; Polbius 

Swamp, 17.xi.81, T. Weir; Thunderbolt’s Lkt (31.555 

151.30E), 18.xi.81, T. Weir & A. Calder. Batemans Bay, 

4 N, 21.x.52, E.F. Riek. Bathurst, 1.v-21.v.62, R.D. 

Hughes; 23.11.66, M.I. Nikitin (ASCU); 23.x.67 

(ASCU); 26.x.68, N.C. Lloyd (ASCU). Billabong Ck nr. 

Conargo (35.17S 145.11E), 12-17.iv.78, JCC. Boolijah 

Ck via Sassafras, 22.xi.79, JCC. Braidwood, 13 km 

NNW (35.215 149.44E), 5.xi.81, M.S. Upton. Brooklyn, 

31.x.14 (QMBA). Broken Hill, 100 km SE (32.515 

141.37E), 3-13.x.88, E.D. Edwards. Brown Mt., 15.i.69, 

JCC & S.R. Curtis. Bungendore, 13 km E (35.15 5 

149.35E), 6.xi.81, M.S. Upton. Cabbage Tree Ck, Clyde 

Mt., 22.11.65, D.H. Colless. Cabramatta, 1.1.63, M. Ni- 

kitin (QMBA). Condobolin, 17.x.00 (ASCU). Congo, 8 

km SE Moruya, 15.ii.82, M.S. Upton. Coonabarabran, 

51 km N (30.50S 149.26E), 13.ii.92, CJB (UQIC). Dai- 

ners Gap (36.125 148.43E), 1585m, 19.xii.73, 28.xii.73, 

6.ii.74, 20.1ii.74, ex. Eucalyptus pauciflora, stellulata and 
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perriniana forest. Euroka, 4 km W Kempsey, 6.xii.78, 

A. Postle. Forbes, 12.xi.64, D.H. Collass. Fowlers Gap 

Res. Stn (31.055 141.42E), 29.xi-2.xii.81, 8—9.xii.82, 

IDN & JCC. Gibraltar Ra., 15.1.79, rainforest margin, 

IDN. Grafton, 5.iv.36, Dicochrosis punctiforalis (ASCU). 

Halfway House, Putty Rd., 20.xii.73, IDN (UQIC). 

Hunter R, 3.6 km on Glennies Ck Railway Rd, 12- 

13.xii.78, A. Postle & C. Brennan. Klora nr. Moruya, 

6.11.66, Z. Liepa. Kosciusko, Sawpit Ck, 11.xii.60, 

D.H. Colless. Lake George nr. Collector, 23.x.76, Z. 

Boucek (QMBA, USNM). Lansdowne, 3 km N, xi.91, 

riparian rainforest, blossom Waterhousia floribunda, G. 

& T. Williams. Leeton, 2.ii.66, M.I Nikitin (ASCU). 

London Falls, 12.xii.48, C.E. Chadwick (ASCU). Mac- 

quarie Pass, 7 km ENE Robertson (34.345 150.40E), 

8.11.84, IDN. Monga State Forest, (35.385 149.54), 

3.xii.77, IDN; 18.11.83, IDN & JCC. Monga, 5 km SW, 

9.xi.81. Mootwingee Nat. Pk, Homestead Gorge 

(31.17S 142.18E), 7-13.x.88, E.D. Edwards. Mt. Drom- 

edary nr. Narooma, 2100 ft, 4.11.69, Upton, Taylor & 

Cardale. Mt. Kaputar Nat. Pk., 2.xii.76, E.M. Exley; 

Dawsons Spring (30.17S 150.10E), 1420m, 5-11.x1i.87, 

moericke trap under flowering Kunzea ambigua, G.R. 

Brown (ASCU). Myalia Tank, 49 km NE Broken Hill 

(31.50S 141.57E), 3.xii.81, IDN & JCC. Narrabri E.F., 

19.1x.60, M.I. Nikitin (ASCU). New England NP, 

Point Lookout, 22.i.79, temperate rainforest, IDN & 

JCC. Orange, 22.ii.66, 23.ii.66, 14.iii.66, M.I. Nikitin 

(ASCU). Orchard Hills, W. Sydney, 26.v.82, K. Helm. 

Parkes, 13.xi.64, D.H. Colless. Pigeon House Ra. via 

Nerriga, 25.x, 22.xi.79, IDN & JCC. Scaly Lookout, nr. 

Coffs Harbour, 6.ix.83, G. Daniels & M. Schneider 

(UQIC). Terrace, 13.xii.78, A. Postle. Tooloom Plateau 

via Urbenville, 10.xi.74, IDN (UQIC). Triangle, 150- 

200m, 5-7.x.79, aerial netting, R. Farrow; Research 

Station, 4.xi.79, aerial net. Wambool Common, 18 km 

ESE Bathurst, 4.iv.80, JCC. West Wyalong, 17 km S 
(34.05S 147.08E), 10.ii.92, CJB (UQIC). Yanco, 4.ii.60, 

M.I. Nikitin (ASCU). Northern Territory: Roe Creek, 

11 km SW Alice Springs (23.465 133.47E), 9.x.78, JCC. 

Queensland: Applethorpe, 15.x73, J. Rhodes (QDPI). 

Bald Mt. area via Emu Vale, 3500-4000’, 27-31.1.72, 

S.R. Monteith. Biloela, 25 km E, 13.iii.76, E.M. Exley, 

on Ironbark (UQIC). Boonah, 29.xii.91, 17.vi.92, 

18.vi.92 (UQIC); 16 km N (27.545 152.41E), 18.ix.94, 

18-19.v.96, 6-7.ix.97, CJB (QMBA). Brisbane, 22.ii1.40, 

C.F. Ashby (QDPI); 19.iv.52, S. Barker (UQIC); 

5.xii.77, Eucalyptus, K. Walker (UQIC); iv.78, ex. syr- 

phid larva, B. Cantrell (QDPI); Acacia Ridge, 26.xii.76 

(QMBA); Taringa (27.30S 152.58E), coll. ii.98, em. 12, 

13.i11.98, ex. pupa Dideopsis aegrota on citrus, CJB 

(QMBA). Bunya Mts. Nat. Pk. nr. Westcott Plain 

(26.525 151.34), 6-7.x.84, IDN & JCC. Charleville, nr, 
13.iv.89, P. Johnson (QMBA). Chinchilla, 6 km W, 5- 

15.iii.98, G. Lithgow (QMBA). Cooloola Nat. Pk., E 

Gympie, 18.x.78, I.D. Galloway (QDPI). Dayboro, 8.5 

km SSE, Sampsonvale cemetery (27.1657 152.52); 

3.ix.95, 12.x.1997, CJB (QMBA). Eidsvold (25.225 
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151.07E), 11.x.84, IDN & JCC. Forest Hill, 18-19.xi.76, 

M. Tichon (UQIC). Gatton, 25.iii.80, P. Twine (QDPI); 

11.v.81, 11.xi.81 (QDPI); D.P.I. Research Stn., 9- 

16.iii.81, 21-27.iv.81, 25.v-1.vi.81, 1-7.ix.81, 14- 

21.ix.81, 7-14.ix.81, 14-21.ix.81, 28.ix-5.x.81, 21.x.81 

(QDPI). Gordonvale, ix.20, ex. puparia of cloudy- 

winged syrphid, A.P. Dodd (QDPI). Joalah Nat. Pk., 

Tamborine Mt. (27.56S 153.12E), 18-21.x.78, Lawrence 

& Weir. Lemington Nat. Pk, Mt. Bithongabel, 1400m 

(28.165 153.10E), 23.x.78, Berlese moss & litter Noth- 

ofagus moorei, Lawrence & Weir. Mitchell, bank of 

Mitchell Riv., 9.x.74, 1.D. Galloway (QDPI). Monto, 14 

km NW, 12.iii.76, on Eucalyptus, E.N. Exley (UQIC). 

Mt. Beerwah via Glasshouse, 1800’, 5.x11.65, T. Weir 

(UQIC). Mt. Glorious, 31.xii.79, IDN; 19-26.x1.79, 24— 

31.xit.79 (QDPI); 22.iii.79, 7.xii.81, E.C. Dahms 

(QMBA); 3.1.82, B. Cantrell (QDPI); 22.vi-18.x.82, 

27.iv.89, 27.iv-26.x.89, 26.x-5.xii, 89, 1.ix-17.x.90, A. 

Hiller (QMBA); 17.x.90, E.C. Dahms & G. Sarnes 

(QMBA). Mt. Inkerman (19.455 147.30E), 28.iv.97, CJB 

(QMBA). Mt. Nebo, xii.61, E. Warwick. Mt. Norman 

area via Wallangarra, 7-8.x.72, S.R. Monteith. Mt. 

Spurgeon, 2 km SSE (16.275 145.12E), 1100m, 19- 

22.xi.97, CJB (QMBA). Mt. Superbus summit (28.145 

152.23E), 1270m, CJB (QMBA). Mt. Tamborine, x- 

xi.78, Sankowsky (QDPI); 3.iii.84, I.D. Galloway 

(QMBA). Ormiston, iii.61, ex. aphids, B.R. Champ 

(QDPI). Quilpie, 149 km E (26.335 145.38E), 20.ix.90, 

M.P. Zalucki & G.V. Maynard (UQIC). Rathdowney 

(2nd Palen Ck. crossing from), 22.11.75, 1.D. Galloway 

(QDPI). Repulse Ck, 23 km NE Bauhinla Downs 

(24.24S 149.23E), 22-23.iv.81, IDN. Reyford, 26.v.78, 

E. Sinclair (QDPI). St. Lucia, University of Queens- 

land, 12.xii.95, ex. pupa of Syrphidae on Sonchus sp., 

S.G. Evans (QMBA); 17.xii.95, adult ovipositing into 

pupa Episyrphus viridaureus, S.G. Evans (QMBA); 

17.xi1.95, ex. Episyrphus sp. pupa on Sonchus oleraceus, 

S. Evans (QMBA). Stanthorpe, 12 km SE, 3-30.xii.90, 

3.1v-9.vi.91, G. Sarnes (QMBA); 47 km N, 9.x1i.80, on 

Eucalyptus, E.M. Exley & J. King (UQIC). Taroom Dis- 

trict (25.275 150.03E), Boggomoss 21, 11.xi.96, CJB & 

S. Evans (QMBA). Thornlands, 1.xi.80, J.F. Donaldson 

(QDPI). Toowoomba, 28.ii.78, 29.11.78, ex. Syrphidae 

pupa, B.A. Franzmann (QDPI). Whiskers, 7 km 

WNW Hoskistown (35.245 149.23E), 29.x1.92, M.S. 

Upton. Wilson’s Peak (nr), via Teviot Gap, 700-830m, 

9.1.77, IDN (UQIC). Yatala, 24.xi-23.xii.81, among sug- 

arcane, L.N. Robertson. Yerongpilly, 1-10.i.82, B. 

Cantrell (QMBA). South Australia: Adelaide, reared 

ex. Melangyna viridiceps (Macq.), M. Carver; 50 km S, 

Aldinga Scrub, 5—6.xii.86, JSN. Brookfield Cons. Pk. 

(34.215 139.29E), 24-26.xi.92, IDN & JCC; SW corner, 

stop 29 (34.245 139.26E), 20.x.92, Rentz, Roach & Har- 

wood. Cowell, 32 km NNE (32.26S 137.03E), 28.xi.92, 

IDN & JCC; 43 km NNE (33.20S 137.06E), IDN & JCC. 

nr. Lake Eyre South (29.31S 137.16E), JCC. Lake 

Tungketta (33.465 135.06E), 30.xi.92, IDN & JCC. 

Lock, 24 km NW (33.32S 135.30E), 30.xi.92, flowers 
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Eucalyptus, IDN & JCC. Mernmerna, 33 km N Hawk- 

er (31.365 138.23E), 17.ix.78, JCC. nr. Moonabbie 

Range (33.175 137.10E), IDN & JCC. Oraparainna Ck, 

Dingley Dell Camp (31.215 138.42E), 4-10, 7.xi.87, 

IDN & JCC. Orroroo (32.445 138.37E), 11.xi.87, IDN 

& JCC. Parachilna Ck (31.085 138.33E), 8.xi.87, IDN 

& JCC. Parra Wirra Rec. Pk, 50 km NE Adelaide, 

9.xii.86, JSN. Penong, 10 km WNW (31.535 132.54E), 

14.x.81, IDN & JCC. nr. Pine Hill (33.22S 137.03E), 

28.xi.92, IDN & JCC. Pinnaroo, 18 km SSW (35.25S 

140.49E), 20.x.83, 24.x.83, IDN & JCC; 25 km SSW 

(35.285 140.47E), 20.x.83, 24.x.83, IDN & JCC; 49 km 

SW (35.425 140.49E), 20, 24.x.83, IDN & JCC. Port Lin- 

coln, 4 km SW (34.45S 135.49E), 29.xi.92, IDN & JCC. 

Willmington, 2 km SSE (32.39S 138.06E), 11.xi.87, IDN 

& JCC. Tasmania: Bronte Lagoon, 13.1.84, L. Masner 

(CNCI). Bronte Pk., 12 km NNE (42.02S 146.33E), 

2.11.83, IDN & JCC. Buckland, 5 km W (42.375 

147.39E), 27.i1.83, IDN & JCC. Claytons, Bathurst Har- 

bour (43.225 146.08E) 15.i1.91, Nielson & Edwards. 

Condominium Ck, 5 km WSW Anne (42.585 146.22E), 

11.xii.81, IDN & JCC. Cranbrook, 14 km ESE (42.045 

148.13E), 28.i.83, IDN & JCC. Denson rivulet, N of 

Bicheno (41.485 148.15E), 6.ii.92, CJB (UQIC). Der- 

went Bridge, 9 km WSW (42.10S 146.08E), 21.1.83, 

IDN & JCC; 18 km SW (42.135 146.02E), 22.i1.83, IDN 

& JCC. Elephant Pass (41.385 148.13E), 28.1.83, IDN & 

JCC. Fentonbury, 1 km W (42.395 146.45E), 12.xii.81 

Franklin R. (42.135 146.01E), 2.11.83, IDN & JCC. Frod- 

shams Pass (42.495 146.23E), 24—-25.1.83, IDN & JCC; 

7 km S (42.535 146.22E), 25.1.83, IDN & JCC; 5 km SW 

(42.50S 146.19E), 24.1.83, IDN & JCC; 8 km SW (42.495 

146.18E), 24.1.83, IDN & JCC. Hellyer Gorge, 2.ii.67, 

E.F. Riek. Herrick, 1 km NE (41.06S 147.53E), 29- 

30.1.83, IDN & JCC. Kingston, 1 km NE, 26.xii.79, JCC. 

Mayfield Beach (42.155 148.00E), 6.11.92, CJB (UQIC). 

Miena, 6 km W (41.59S 146.39E), 20.1.83, IDN & JCC. 

Montumana, 3 km SE (40.585 145.33E), 19.1.83, IDN 

& JCC. Mt. Barrow via Launcestron, 800—1000m, 

1.xii.76, IDN (UQIC). Mt. Doris (41.52S 146.03E), 

7.11.90, coniferous heath, IDN. Mt. Mueller, 5 km NW 

(42.465 146.25E), 11.xii.81, IDN. Mt. Wellington, 

Shoobridge Bend (42.545 147.15E), 5.11.83, IDN & JCC. 

Nelson R. (42.06S 145.44E), 22.1.83, IDN & JCC. Nun- 

amara, 10 km ENE (41.22E 147.24E), 11.1.83, IDN & 

JCC; 8 km NE, Barrow Ck (41.21S 147.22E), IDN & 

JCC; 11 km NE, Mt. Barrow (41.23S 147.25E), 11.1.83, 

IDN & JCC. Oxford, 4 kmW (42.34S 147.50E), 27.1.83, 

IDN & JCC. Pellon Hut, 3 km S Mt. Oakleigh (41.50S 
146.03E), 11.91, Leptospermum scrub and vicinity, IDN; 

30.xi-8.1.91, open forest; 5-10.11.90, rainforst, IDN. 

Poatina, 9 km SW (41.485 146.52E), 20.1.83, IDN & 

JCC; Headrace Adit (41.49S 146.54E), 20.1.83, IDN & 

JCC. Scottsdale, 9 km E (41.10S 147.38E), IDN & JCC. 

The Lea (42.568 147.19E), 5.ii.83, IDN & JCC. Waya- 

tinah, 3 km NE (42.225 146.29E), 15, 23.i.83, IDN & 

JCC. Weldborough, 4 km SE (41.145 147.56E), 13.i.83, 

IDN & JCC. Victoria: Acheron Gap, c. 15 km NNE 
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Warburton, 830m, malaise Nothofagus, D. Pollock & 

L. Reichert. Archeron Way via Warburton, 300-480m, 
16.xii.75, IDN (UQIC). Beech Forest, 10 mi E, 1.1.67, 

Z. Liepa; via Colac, 6.1.66, T. Weir (UQIC); Coutts Rd., 

480m, 11.xii.75, IDN (UQIC). Belgrave, 25, 26.xii.26, 

A.P. Dodd (QDPI). Bogong Plains, 5—6000 ft, 1.28, F.E. 

Wilson (QDPI). Bruthen, 26.ii.80, IDN & JCC; 9 km N 

(37.38S 147.53E), 8.11.92, CJB (UQIC). Cann Valley 

H’way, 7 km SW N.S.W. border, 25.11.80, IDN & JCC. 

Dinner Plain, 11 km from Hotham Heights, 27.ii.80, 

IDN & JCC. Hattah, 12 km NW (34.39S 142.14E), 

19.x.83, IDN & JCC. Jim Jack Ck, 12 km WSW Omeo, 

27.ii.80, IDN & JCC. Kiata, 8 km SSW (36.26S 

141.46E), 23.x.83, IDN & JCC. Kinglake N. Pk. nr. 

Melbourne, 31.1.77, Boucek (USNM). Lake Crosby 

(35.03S 141.44E), 23.x.83, IDN & JCC. Lind Nat. Pk, 

Growler Ck, 26.11.80, IDN & JCC. Mitre, 11km NE 

(36.388 141.48E), 22.x.83, IDN & JCC; 12.5 km NNE 

(36.37S 141.49E), 22.x.83, IDN & JCC. Mitta Mitta Ck, 

25 km NNW Omeo, 28.ii.80, IDN & JCC. Mt. Arapiles 

(36.46S 141.50E), 21.x.83, IDN & JCC. Mt. Donna 

Buang, 1250m, 14-17.1.80, Eucalyptus woodland, A. 

Newton & M. Thayer (CNCI); via Healesville, 4080 

ft, 10.1.66, T. Weir (UQIC); via Warburton, 1200m, 

8.xi1.76, IDN (UQIC). Mt. Sabine via Barramunga, 

580m, 11.xii1.75, IDN (UQIC, QDPI). Omeo, 12 km 

NNW, 28.ii.80, IDN & JCC; 18 km NW, 28.ii.80, IDN 

& JCC. Pirita, 13 km S (34.295 141.54E), 18.x.83, IDN 

& JCC. Rye, 27.11.89, ex. Dialectica sp. A on Cynoglos- 

sum australe, R. Sheperd. Yapest, 10 km NW (35.415 

142.02E), 23.x.83, IDN & JCC. Yarrara, 15 km S 

(34.338 141.25E), 18.x.83, IDN & JCC. Western Aus- 

tralia: Boranup Karri Forest, 20 km S Margareb River, 

11-13.xii.90, A.D. Austin (WARI). Cape Arid NP, 

30.x11.86-31.1.87, JSN; Yokinup Bay area, 31.xii.86- 

3.1.87, JSN. Cape Le Grand Nat. Pk. (33.585 122.07E), 

10.i1.87, 11.1.87, G. & A. Daniels (UQIC). Condingup, 

c. 55 km E Esperance, 31.x1i.86, JSN. Dongara, 30 km 

S., 19.xii.86, JSN. Esperance, 4.1.87, JSN. Fitzgerald 

Riv. Nat. Pk., Quaalup area, 6—9.i.87, JSN. John Forest 

NP, c. 25 km E. Perth, 23-27xii.86, 24—28.xii.86, JSN. 

Ludlow (33.375 115.29E), 2.xi-23.xii, S.J. Curry. Ned- 

lands, 10.iv.41, from syrphid pupa on rose leaf, K.R. 

Norris. Needilup, 29 km NE (33.545 119.04E), 30.x.84, 

A.A. Calder. Noongar, 2 km SW (31.215 118.57E), 

IDN & JCC. Pithara, 2 km SSW (30.245 116.40E), 

26.ix.81, IDN & JCC. Porongorup Nat. Pk., 1.87, JSN. 

Ravensthorpe, 4.1.87, JSN. Stirling Range Nat. Pk., 

1.87, JSN. Swan River, G. Compere (QMBA); Red 

Gum Spring, 23 km ENE Cranbrook, 20-22.xii.90, 

A.D. Austin (WARI). Walpole-Nornalup Nat. Pk., 17— 
21.1.87, JSN; Nornalup, 5 km SE, 17-18.xii.90, A.D. 

Austin (WARI); Nornalup, 2 km W (34.59S 116.48), 

17.1.93, E.D. Edwards. Yanchep Nat. Pk., c. 50 km N 

Perth, 20.xii.86, JSN; c. 65 km N Perth, 21.xii.86, JSN. 

Yellowdine, 21 km NE (31.175 119.53E), 10.x.81, IDN 

& JCC. 

Hosts.—Label data indicate Aphis crac- 
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civora (Koch) (Aphididae) and puparia of 
Dideopsis aegrota (Fabricius), Episyrphus 
viridaureus Wiedemann and Melangyna vir- 

idiceps (Macquart) (Diptera: Syrphidae) as 

hosts of P. emersoni. There is also one 
anomalous record from Dialectica sp. (Lep- 
idoptera: Gracillaridae). 

Remarks.—Pachyneuron emersoni is dis- 
tinguished by a combination of features 
that are given in the key and description. 
I have seen females, most commonly from 
Western Australia, that lack a marginal 
fringe and therefore resemble P. nelsoni. In 
some instances one or more short regions 

of the wing margin retain setae so absence 
may simply be due to abrasion; however, 
either the setae are for some reason more 
readily lost from females from western 
Australia or presence or absence of the se- 
tae is variable for P. emersoni in western 
Australia. Females without a marginal 
fringe are differentiated from P. nelsoni fe- 
males by their conspicuously longer mar- 
ginal and postmarginal veins (cf. Figs. 24 
and 36), smoother and shinier medial area 

on the propodeum (cf. Figs. 15 and 29), 
and more elongate petiole that in dorsal 
view is uniformly reticulate (cf. Figs. 22 
and 27). All males of P. emersoni that I 
have seen have a marginal fringe but 
those from western Australia often have 
the lower face only inconspicuously de- 
pressed lateral to the supraclypeal area 
(Fig. 17), much less so than for typical 
specimens from eastern and southern 
Australia (Fig. 16). The western Australian 
males are thus more like males of P. rieki, 
but they do not have the setal patterns of 
the forewing basal fold or the scape as de- 
scribed for P. rieki males. Also, even 
though the facial region may be only in- 
distinctly depressed (Fig. 17), there is still 
a noticeable difference in the reticulate 
sculpture compared with that near the 
eye, the cells being smaller and often more 
obliquely oriented in the depressed re- 
gions (Fig. 18). I have also seen rare males 
of P. emersoni from eastern Australia and 
Tasmania that have a single petiolar seta 
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projecting from one side, but these males 
have the lower face distinctly depressed 
lateral to the supraclypeal area and the 
basal fold bare. 

Individuals of P. emersoni are morpho- 
logically very similar to those of P. for- 
mosum Walker (1833) in Europe and P. al- 

butius Walker (1843) in America north of 

Mexico. However, the propodeum is uni- 

formly reticulate in P. formosum females 
and reticulate with a network of oblique, 

irregular carinae in P. albutius females. Fe- 
males of both species lack the more or less 
W-shaped complex of plicae and costulae 
and the smoother posteromedian region 
characteristic of P. emersoni females (Fig. 
15). Males of P. formosum and P. albutius 

also have the lower face essentially evenly 
convex and uniformly reticulate. 

Bouéek (1988) previously suggested that 

P. kingsleyi was only a form of P. emersoni 
but did not formally synonymize the 
names. The female lectotype is complete, 
but the antennae are mounted on a slide 
under a separate cover slip from the head 
and antennae of the USNM male paralec- 
totype (Dahms 1983). 

Pachyneuron nelsoni Girault 
(figs. 25-36,.51) 

Pachyneuron nelsoni Girault, 1928[421]: 2. Holo- 

type female (examined). Type data: Austra- 

lia: N. Q., Gordonvale [= Nelson], Feb. 1920, 

Dodd. Type depository: QMBA, type no. 

T.9324. Sex described: female. 

Pachyneuron aeneus Masi, 1929: 229-231. Holo- 

type female. Type data: Libya (North Africa): 
Oasis of Giarabub, i1i.1927. Type depository: 

Museo Civico di Storia Naturale, Genoa. Sex 

described: female. Synonymy by Bouéek, 
1988: 442. 

Atrichoptilus aeneus; Delucchi, 1956: 141-142. 

Change of combination. 

Pachyneuron aeneum; Bouéek, 1965: 16-18. 

Change of combination. 

Pachyneuron nelsoni; Dahms, 1986: 324-325; 

Boucek, 1988: 442. 

Female.—Body dark with variably dis- 
tinct metallic green luster; antenna brown 
except basal half to all of scape yellow; te- 
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gula yellow; legs with femora variably 
darkly infuscate except apically yellowish, 
tibiae and tarsi yellowish. Head with clyp- 
eus flat to slightly depressed and apically 
shallowly emarginate (Fig. 25). Flagellum 
compact-clavate, with 2 anelli (Fig. 32) 
and 6 funicular segments (Fig. 31); funic- 
ular segments quadrate or slightly longer 
than wide basally to slightly transverse 
apically and with adpressed setae (Figs. 
31, 32); longitudinal sensilla extending al- 
most entire length of funicular segments, 
separated from each other by distance 
equal to 1-2 sensillar diameters (Fig. 32). 
Forewing (Figs. 35, 36) without marginal 
fringe; with relatively inconspicuous, 
white, often spicule-like discal setae; dor- 

sally without line of setae differentiating 
apex of basal cell from speculum; ventral- 
ly without line of setae along cubital fold; 
costal cell with inconspicuous white setae 
on ventral surface (Fig. 35b); veins with 

following ratios (n = 10): smv/mv = 4.33-— 
5.00, mv/mvw = 1.64-2.22, pmv/mv = 

1.25-1.78, pmv/stv = 1.04-1.10. Mesono- 
tum with relatively low convex, broad 
scutellum (Fig. 26). Propodeum (Figs. 26, 
29) with posteriorly convergent, carinately 
margined plical ridges and /\-shaped to 
inverted Y-shaped carinae differentiating 
a more or less W-shaped anterolateral re- 
gion and a pentagonal posteromedian re- 
gion, with all surfaces similarly coria- 
ceous-reticulate or with pentagonal region 
more distinctly reticulate; spiracle distinct- 

ly oval. Petiole without setae projecting 
from sides (Figs. 27, 28); in dorsal view 

slightly (up to about 1.3 times) longer than 
wide, with often indistinctly differentiat- 
ed, transverse to quadrate, rugose-reticu- 
late body often having median carina or 
some longitudinal carinae (Fig. 27); in ven- 
tral view completely sclerotized with me- 
dian furrow, the body quadrate to slightly 
transverse, finely longitudinally coria- 
ceous and shiny (Fig. 28). 

Male.—Similar to female except as fol- 
lows: body brighter metallic green or blu- 
ish green; antenna almost uniformly yel- 
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lowish or with flagellum light brown; legs 
uniformly bright yellow beyond coxae; 
scape (Fig. 34) thickest basally and tapered 
toward apex, with anterior surface flat to 
slightly concave over at least basal two- 
thirds and in lateral view with variably 
distinct line of setae along both outer and 
inner anterior margins; flagellum filiform; 

funicular segments oblong, middle seg- 
ments at most 1.75 times as long as wide 
and all segments with very sparse longi- 
tudinal sensilla within apical half of each 
segment and with conspicuous, semierect 

setae about as long as width of segment 
(Fig. 33). Forewing with marginal vein up 
to 2.6 times as long as wide and postmar- 
ginal vein up to 1.4 times as long as stig- 
mal vein; sometimes with 1 or 2 short se- 

tae on dorsal surface of basal fold and 
sometimes with a few short, inconspicu- 
ous setae on dorsal surface within basal 
cell. Propodeum often more uniformly re- 
ticulate with fine or indistinct plical and 
/\-shaped carinae (Fig. 29). 

Distribution.—Noyes (1998) recorded P. 

nelsoni from the following regions and 
countries: Afrotropical (Libya), Australa- 
sian (Australia), Oriental (India), and Pa- 

learctic (Moldova, Russia, Turkey). The 
species was additionally recorded from 
Yugoslavia and Azerbaijan by Boutek 
(1977: 46), who stated that it is circum- 
mediterranean. Boucek (1988) stated that 
it is widespread in southern Europe, dry 
countries of Africa and south Asia, and es- 

tablished (probably introduced) in Austra- 
lia. 

Australian distribution (Fig. 51) records 

based on label data of examined speci- 
mens are: Australian Capital Territory: Brindabel- 

la Range, Mt. Ginini (35.325 148.46E), 24.xi.81, IDN. 

Canberra, 23.xii.30, W.K. Hughes. New South Wales: 

Bowning, nr, 9.xi1.69, on Eucalyptus, JCC. Fowlers 

Gap Res Stn (31.055 141 42E), 29.xi-2.xii.81, on E. ca- 

maldulensis flowers, JCC; 8-9xii.82, JCC. Leeton, 

3.11.66, M.I Nikitin (ASCU). Mootwingee Nat. Pk., Old 

Mootwingee Gorge, 5-8.xi.84, G.R. Brown & H.M. 

Holmes (ASCU). Myalla Tank, 49 km NE Broken Hill 

(31.508 141.57E), 3.xii.81, IDN & JCC. Orange, 22.11.66, 

M.I. Nikitin (ASCU); Agric. Res. Stn., 18.viii.93, on 
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apple blossom, K. Harding & A. Nicholas (ASCU). 

Triangle, 5-7.x.79, aerial netting 150m, 200-300m, R. 

Farrow; i-iii.85, S.G. Martin, ex. lucerne (ASCU); Re- 

search Station, 1.x179, 4.xi.79, aerial net. Wambool 

Common, 19 km ESE Bathurst, 17.iv.81, JCC. North- 

ern Territory: Alice Springs, 20.ix.78, ex. syrphid 

pupa, L. Rodunz; 7 km NW (23.385 133.52E), 8.xi.79, 

JCC; 10 km NE (23.378 133.54E), 6.xi.79, IDN; 35 km 

E (23.415 134.13E), 25.ix.78, JCC; 39 km E (23.415 

134.15E), 25.ix, 5.x.78, JCC; 40 km E (23.415 134.16E), 

5.x.78, JCC; 53 km NE (23.358 134.22E), 6.x.78, JCC; 

56 km SE (24.115 134.01E), 3.x.78, JCC. Ayers Rock, 

195 km E on Lacsiters Highway, 5.xi.92, P. Danger- 

field (WARI). Queensland: Bramston Beech (17.215 

146.01E), 14.xii.91, CJB (UQIC). Brigalow Develop- 

ment area, Moura, P.D. Rossiter [S. almum, 21.iv.66] 

(QDPI). Chinchilla, 6 km W, 9-17.x.87, G. Lithgow 

(QMBA). Connors River (22.115 149.03E), 8.v.80, IDN 

& JCC. Eulo, 32 km W (28.09S 144.43E), 28.x.91, G. 

Daniels, on Flindersia maculosa (UQIC). Gatton Col- 

lege Cawes, 30.xi.67, ex. syrphid pupa, B. Teakle 

(QDPI). Gordonvale, 20.11.20, A.P. Dodd (QMBA). 

Holts Ck, 8 km N Musselbrook Camp (18.335 

138.11E), 20.v.95, IDN. Miles, 28 km 5S, 23.ix, D.H. 

Colless. Mount Inkerman (19.455 147.30E), 28.iv.1997, 

CJB (QMBA). Taroom District (25.275 150.03E), Bog- 

gomoss 21, 11.xi.66, CJB & S. Evans (QMBA). Towns- 

ville, Ross River, Hermit Pk. (19.185 146.49E), 4.xii.91, 

CJB (UQIC). Warwick, 9 km S, 13.1.81, J. & C.R. King, 

on Angophora costata (UQIC). South Australia: Agnes 

Ck, 44 km NW Granite Downs (26.385 133.16E), 

21.ix.78, JCC. Aldinga Scrub, 50 km S Adelaide, 5— 

6.xi1.86, JSN. Brookfield Cons. Pk. (34.215 139.28E), 

24xi.92, 26.xi.92, IDN & JCC. Ceduna, 21 km NW 

(31.56S 133.24E), 14.x.81, IDN & JCC; 32 km NW 

(31.56S 133.24E), 14.x.81, IDN & JCC. nr. Coffin Bay 

(34.385 135.27E), 29.xi.92, IDN & JCC. Cowell, 43 km 

NNE (33.20S 137.06E), 28.xi.92, IDN & JCC. Edwards 

Creek (28.20S 135.50E), 19.ix.78, JCC. Elliston, 1 km 

SE (33.40S 134.54E), 30.xi.92, IDN & JCC. nr. Lake 

Eyre South (29.315 137.16E), 18.ix.78, JCC. nr. Moon- 

abbie Range (33.17S 137.10E), 28.xi.92, IDN & JCC. 

Nooltana Creek, 13 km NW Hawker (31.475 138.21E), 

16.ix.78, JCC. Oraparinna Ck, Dingly Dell Camp 

(31.21S 138.42E), 7.xi, 4-10.xi.87, IDN & JCC. Parach- 

ilna Ck (31.085 138.33E), 8.xi.87, IDN & JCC. Penong, 

10 km WNW (31.53S 132.54E), 14.x.81, IDN & JCC. 

Pinnaroo, 18 km SSW (35.25S 140.49E), 20 & 24.xi.83; 

25 km SSW (35.28S 140.47E), 20 & 24.xi.83, IDN & 

JCC; 49 km SW (35.42S 140.49E), 20 & 24.xi.83, IDN 

& JCC. Taylorville, 12 km ESE (34.085 140.06E), 

12.xi.87, IDN & JCC. William Creek, 27 km SE (29.058 

136.31E), 19.ix.78, JCC. Wilmington, 2 km SSE (32.398 

138.06E), 11.xi.87, IDN & JCC. Yorke 

20.ix.81, aerial netting, R.A. Farrow. Tasmania: Frod- 

shams Pass, 1 km S (42.505 146.22E), 11.xii.81, IDN. 

Victoria: Hattah, 7 km SE (34.50S 142.18E), 19.x.83, 

IDN & JCC; 12 km NW (34.39S 142.14E), 19.x.83, IDN 

Peninsula, 



46 JOURNAL OF HYMENOPTERA RESEARCH 

Figs. 25-30. Pachyneuron nelsoni: 25, head, frontal (9); 26, mesosoma, dorsal (¢ ); 27, petiole, dorsal (2); 28, 

petiole, ventral (d ); 29, scutellum-propodeum ( ); 30, head, frontal (d). Scale bars = wm. 
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soon 

Figs. 31-36. Pachyneuron nelsoni: 31, antenna (@): 3la, entire, 31b, anelli and funicular segments; 32, basal 

flagellar segments, fl,-fl, (2); 33, antenna (3): 33a, entire, 33b, middle funicular segments, 1 fl.; 34, scape 

¢): 35, forewing, SEM of dorsal surface: 35a, entire, 35b, submarginal vein and costal cell (¢d); 36, forewing, 
8 

7 o 

photograph (¢). Scale bars = ,.m. 
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e) = 
a, ie?) me & JCC. Kiata, 8 km SSW (36.268 141.46E), 2 

IDN & JCC. Lake Crosby (35.035 141.44E), 2: 

.X. 

X. 
2 

io) 3 ~ 

IDN & JCC. Mitre, 11 km NE (36.385 141.48E), 

22.x.83, IDN & JCC; 12 km NE (36.375 141.48E), 

22.x.83, IDN & JCC; 12.5 km NNE (36.375 141.49E), 

22.x.83, IDN & JCC. Mt. Arapiles (36.465 141.50E), 

21.x.83, IDN & JCC. Pirita, 13 km. S (34.295 141.54E), 

18.x.83, IDN & JCC. Princetown, 5 km NW, 27.x1.77, 

J.F. Donaldson (QDPI). Yapest, 10 km NW (35.415 

142.02E), 23.x.83, IDN & JCC. Yarrara, 15 km S 

(34.335 141.25E), 18.x.83, IDN & JCC. Western Aus- 

tralia: Cocklebiddy, 23 km ESE (32.085 126.18E), 

12.x.81, IDN & JCC. Fitzgerald Riv. Nat. Pk., Quaalup 

area, 6-9.1.87, JSN. Geraldton, 31.xii.75, R. Storey & 

E.M. Exley (UQIC). Kalgoorlie, 1.xi.47, swept nr. lu- 

cerne. Ludlow (33.375 115.29E), 4.xi-22.xii.80, S.J. Cur- 

ry. Madura, 11 km E (31.555 127.09E), 13.x.81, IDN & 

JCC. ‘Marun’ CALM Site, 8/4 Prince Frederick Har- 

bour (15.00S 125.21E), 6-11.vi.88, IDN. Mt. Magnet, 

17.xii.86, JSN. Mt. Singleton, 15 km NE (29.215 

117.20E), 28-29.ix.81, IDN & JCC. Noongar, 2 km SW 

(31.215 118.57E), 9.x.81, IDN & JCC. Norseman, 47 

km SSW (32.35S 121.34E), 19.ix.81, IDN & JCC. 

Paynes Find, 5 km SW (29.185 117.39E), 29.ix.81, IDN 

& JCC. Perenjori, 18.xii.86, JSN. Ravensthorpe, 46 km 

W, 4.1.87, JSN. Yanchep N.P, 20-21.xii.86, J.S.N; c. 50 

km N Perth, on Eucalyptus, 20.xii.86, JSN. 

Hosts.—Noyes (1988) gave Syrphidae 

(Diptera) as the hosts of P. nelsoni, but 
without listing any species; Boucek (1977: 
46) listed Episyrphus (= Epistrophe) baltea- 
tus (DeGeer) as an example syrphid host. 
Label data also indicate syrphids as the 
hosts of P. nelsoni in Australia, but exact 
species are unknown. 

Remarks.—Individuals of P. nelsoni are 
most similar to those of P. emersoni and P. 
rieki but are distinguished by the lack of a 
marginal fringe (Figs. 35, 36) in combina- 
tion with a comparatively short and thick 
marginal vein and a shorter postmarginal 
vein (Fig. 36). Individuals also differ 
slightly in propodeal sculpture from those 
of P. emersoni and P. rieki, the propodeum 
having a /\-shaped or inverted Y-shaped 
median carina delineating a posteromedi- 
an pentagonal region that is similarly or 

even more conspicuously sculptured than 
is the basolateral W-shaped region (Figs. 
26, 29). Individuals of P. emersoni and P. 

rieki usually have the posteromedian re- 
gion more broadly -shaped, shiny, and 
almost smooth (Figs. 15, 39, 40). The pet- 
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iole (Fig. 27) is also shorter than in P. emer- 
soni (Fig. 22) or P. rieki (Fig. 41), but be- 

cause of its length it is often mostly con- 
cealed by the base of the gaster. Antennal 
features further differentiate males of P. 
nelsoni from those of P. emersoni and P. rie- 
ki, the scape having a flat to shallowly 
concave anterior surface that is broad ba- 
sally and tapered apically (Fig. 34), and 
the flagellar segments being comparative- 
ly short (Fig. 33) and usually similarly 

light-colored as the scape. 
The specimen from near Chinchilla, 

Queensland (QMBA) is a gynandro- 
morph, having the head and antennae of 

a male but the metasoma of a female. 
Doganlar (1986) differentiated P. nelsoni 

(as P. aeneum) from other European spe- 
cies of Pachyneuron based on structure of 
the hypopygium and described the new 
species P. erzurumicum, from Turkey, as 
lacking a marginal fringe. He differenti- 
ated the latter species from P. aeneum 
based on differences in dimensions of the 
forewing venation and flagellar segments. 
Huang and Liao (1987) also described a 

new species from China, P. aciliatum, as 
lacking a marginal fringe. They compared 
the species with P. grande Thomson but 
did not differentiate it from P. nelsoni, 

though they illustrated a forewing with 
seven setae on the basal fold, three setae 

within the basal cell, and with distinct dis- 
cal setae. 

Pachyneuron rieki Gibson, new species 
(Figs. 37-49) 

Type material.—Holotype, female (ANIC): 
Australian Capital Territory: Flea Ck, 
25.vili:1950, E:F. Riek: Allotype, male 
(ANIC): same data as holotype. Paratypes 
(ANIC, UQIC, CNCI): Australian Capital 
Territory: 7 females, 13 males, same data 

as holotype, the series associated with an 

unidentified syrphid larva (1 female and 2 
males used for SEM). Tasmania: Lake St. 

Clair (42.06S 146.10E), 750m, 25—27.1.1980, 
Lawrence & Weir (1 female). Mt. Doris 

(41.525 146.03E), 7.i1.1990, coniferous 
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heath, IDN (1 male); 1 km ENE Mt. Ossa 

(41.525 146.03), iii.1991, IDN (2 males). 
Etymology.—Named in honour of Edgar 

F. Riek, who reared most of the type se- 
ries. 

Female.—Body dark with metallic green 
luster; antenna dark brown except scape 
yellow; tegula yellow; legs with all except 
apex of femora brown, otherwise yellow- 
ish beyond coxae. Head with clypeus flat 
and apically shallowly emarginate (Fig. 
47). Flagellum compact-clavate, with 2 
anelli (Fig. 44) and 6 funicular segments 
(Fig. 43); funicular segments distinctly lon- 
ger than wide basally to quadrate apically 
and with adpressed setae (Figs. 43, 44); 
longitudinal sensilla extending most of 
length of funicular segments, separated 
from each other by distance equal to about 
2 sensillar diameters (Fig. 44). Forewing 
(Fig. 48) with marginal fringe; with dis- 
tinct discal setae; dorsally with oblique 
line of 7-13 setae on basal fold differenti- 
ating apex of basal cell from speculum 
and with 2-5 setae near apex of basal cell; 

ventrally without line of setae along cu- 
bital fold; costal cell with distinct setae on 
ventral surface; veins with following ra- 

tios (n = 3): smv/mv = 3.33-3.45, mv/ 

mvw = 4.83-5.00, pmv/mv = 1.60-1.76, 

pmv/stv = 1.65-1.76. Mesonotum with 
relatively low convex, broad scutellum 

(Figs. 38, 39). Propodeum (Figs. 39, 40) 
with posteriorly convergent, carinately 
margined plical ridges and less distinct, 
sometimes irregularly M-shaped antero- 
median carina or ridge (costula) near base 

(Fig. 39), the ridges together differentiat- 

ing a more or less W-shaped basal region 
with coriaceously sculptured anterolateral 
depressions from a mostly shiny and 
smooth to finely coriaceous pentagonal or 
hexagonal posteromedian region anterior 

to a coriaceous or medially smooth and 
shiny nucha, with the short region ante- 
rior to -shaped ridge crenulate and the 
surface lateral to plical ridges finely cori- 
aceous (Fig. 40); spiracle distinctly oval. 

Petiole near middle with 1-3 setae pro- 
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jecting anterolaterally from each side 
(Figs. 41, 42); in dorsal view about twice 

as long as wide, with distinctly longer 
than wide, uniformly reticulate body (Fig. 
41); in ventral view completely sclerotized 
with median furrow, the body distinctly 
longer than wide, finely longitudinally co- 
riaceous and shiny (Fig. 42). 

Male.—Similar to female except as fol- 
lows: body brighter metallic green or blu- 
ish green; legs uniformly bright yellow be- 
yond coxae; scape entirely yellow, slightly 
expanded basally immediately above rad- 
icle, tapered subapically and slightly 
curved, with line of distinct setae along 

anterior margin (Fig. 46); pedicel some- 
times yellow except brownish dorsally; 
flagellum dark brown, filiform; funicular 

segments elongate, the middle segments 
at least twice as long as wide and all seg- 
ments with very sparse longitudinal sen- 
silla within apical half and with conspic- 
uous, semierect setae about as long as 

width of segment (Fig. 45); forewing with 
basal fold similarly setose as in female but 
sometimes also with 1-3 setae delineating 
posteroapical angle of basal cell and with 
up to 10 setae within cell behind submar- 
ginal vein and toward apex; veins with 
following ratios (n = 6): smv/mv = 2.70— 

3.23, mv/mvw = 3.84-4.86, pmv/mv = 

1.30-1.74, pmv/stv = 1.52-1.79; petiole 
sometimes without lateral setae (see re- 

marks). 

Hosts.—Unknown species of Syrphidae 
(Diptera). 

Remarks.—This species is most similar to 
P. emersoni, but is distinct based on fea- 
tures used to separate the species in the 
key and descriptions, and as discussed un- 
der the remarks for P. emersoni and P. nel- 
soni. The three males from Tasmania have 
a slightly shorter petiole than the reared 
males from ACT and apparently lack lat- 
eral petiolar setae, though these may have 
been lost during preparation, which in- 
cluded critical-point drying. The three 
Tasmanian males also have somewhat 
shorter submarginal and _ postmarginal 
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42 27 ) UF “yolc7° ve \ i Figs. 37-42. Pachyneuron rieki: 37, mesosoma, dorsal (¢ ); 38, mesosoma, lateral (2 ); 39, scutellum-propodeum 

(2); 40, apex of scutellum-propodeum, posterolateral (¢); 41, petiole, dorsal (@ ); 42, petiole, ventral (2). Scale 
bars = pm 
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Figs. 43-48. Pachyneuron rieki: 43, antenna (@): 43a, entire, 43b, anelli and funicular segments; 44, basal 

flagellar segments, fl,-fl, (2); 45, antenna (¢): 45a, entire, 45b, middle funicular segments, f1 fl.; 46, scape 

(3); 47, head, frontal (3); 48, forewing (2). Scale bars = jm. 
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veins than do the ACT males (smv/mv = 
2.70-2.86 vs. 2.94-3.23 and pmv/mv = 
1.30-1.43 vs. 1.53-1.74; n = 3), whose ve- 

nation is more similar to that of measured 
females. However, there are insufficient 

specimens of both sexes to accurately es- 
timate true variability in any of the mea- 
sured structures. 
Graham (1969) differentiated P. umbra- 

tum Delucchi (subsequently synonymized 
with P. groenlandicum (Holmgren) by 
Hedgqvist, 1977) from P. formosum based 

on the presence of 2-12 setae on the basal 
vein. Though this is similar to P. rieki, P. 
groenlandicum lacks the petiolar setae char- 
acteristic of P. rieki and has an evenly re- 
ticulate propodeum. An unidentified spe- 
cies from America north of Mexico has 
petiolar setae and often a setose basal vein 
similar to P. rieki, but differs in propodeal 
sculpture, having the plical region more or 
less evenly reticulate or with some irreg- 
ular, oblique carinae similar to P. albutius. 

CONCLUSIONS 

Without a world species revision it is 
premature to hypothesize about the phy- 
logenetic relationships of the Australian 
fauna of Pachyneuron. However, P. emer- 
soni, P. nelsoni and P. rieki all share a pos- 
teromedially differentiated propodeal pli- 
cal region that is delineated by a more or 
less W-shaped complex of plicae and cos- 
tulae (Figs. 15, 29, 39). This structure dis- 

tinguishes the species from other morpho- 
logically similar species, such as P. formo- 
sum and P. albutius from the Nearctic and 
Palearctic regions, respectively, which 
have the propodeal plical region more or 
less uniformly reticulate. Although polar- 
ity is uncertain, the similar propodeal 
structure suggests that P. emersoni, P. nel- 

sont and P. rieki are closely related and 
may have speciated in Australia, which 
would not support the hypothesis that P. 
nelsoni was introduced into Australia re- 
cently (Boucek 1988). Pachyneuron nelsoni 

is also one of the most widely distributed 
species in Australia and the only species 
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yet recovered from northern Western Aus- 
tralia. (Fig. 51). The distribution pattern 
does not suggest a recent introduction. Pa- 
chyneuron aphidis is certainly much more 
distantly related to the other species and 
undoubtedly represents a separate intro- 
duction into Australia, probably acciden- 
tally by man into New South Wales based 
on present distribution (Fig. 49) and the 
earliest collection records. 
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Abstract—We describe females of Halictus (Seladonia) pinguismentus Janjic and Packer new 

species from Guadeloupe Island, Mexico and provide the first descriptions of the male and putative 
queen of H. (S.) harmonius Sandhouse and the male and worker of H. (S.) lanei (Moure). Additon- 

ally, we describe the second known putative queen specimen of H. (S.) lanei and describe the 

huge morphological differences between the castes in this species. Differences among these species 
are discussed with respect to other New World members of the subgenus. 

In order to facilitate the preparation of 
a phylogenetic analysis of bees of the sub- 
genus Seladonia (genus Halictus) with par- 
ticular emphasis on the New World spe- 
cies, we present additional descriptions of 

bees in this group. North American spe- 
cies of the genus Halictus were treated by 
Sandhouse (1941) and Central and South 
American Seladonia by Wille and Michener 
(1971). Hitherto, seven New World Sela- 

donia species have been recognized (Mou- 
re and Hurd 1987): H. (S.) confusus Smith, 
a holarctic species found throughout 
North America and Europe; H. (S.) har- 
monius Sandhouse, apparently restricted 
to southern California; H. (S.) hesperus 
Smith, which is primarily a central Amer- 
ican species, found from Mexico to Co- 
lombia; H. (S.) lanei (Moure), which has 

been recorded from Brazil but which 
seems to extend into Venezuela and Co- 
lombia; H. (S.) lutescens Friese, which is 
found approximately sympatrically with 
H. hesperus; H. (S.) tripartitus Cockerell, 
found in the western USA and northwest- 
ern Mexico; and H. (S.) virgatellus Cock- 
erell, restricted to areas around and above 
the treeline in western North America 

from the North West Territories of Canada 
to New Mexico. 

As a result of our studies we have 

found specimens of an additional species 
collected from the island of Guadeloupe 
off the west coast of Baja California. We 
describe this new species below. We also 
present the first descriptions of the males 
of H. (S.) harmonius and H. (S.) lanei. Most 
of the aforementioned species of Seladonia 
are known to be social and at least H. hes- 
perus has large morphological caste differ- 
ences (Brooks and Roubik 1983; Packer 

1985) such that the castes would not read- 

ily be recognized as being conspecific. The 
description of H. harmonius was apparent- 

ly based upon worker females (some ob- 
servations on sociality in this species will 
be published elsewhere) and that of H. la- 
nei appears, based upon macrocephaly, to 
be that of a queen. Here we provide the 
first detailed descriptions of an apparent 
queen of H. harmonius and worker of H. 
lanei. Lastly, as the original description of 
H. lanei was short and in Portuguese 
(Moure 1940), we provide an additional 

description of a queen of this rare species, 
a specimen which is larger and even more 
macrocephalic than the type. 
We are not undertaking a complete re- 

vision of the New World members of the 
subgenus Seladonia as this is beyond our 
scope at this time. In particular, detailed 
studies of the widespread and variable H. 



Fig. 1. 

(S.) confusus are badly needed and should 
be performed in conjunction with genetic 
studies (Rosenmeier and Packer 1993; Tay- 

lor and Packer 1997). The North American 

Seladonia species were keyed and briefly 
described by Sandhouse (1941) and the 
Central American species-pair H. hesperus 
and H. lutescens were treated in detail by 
Wille and Michener (1971). 

MATERIALS AND METHODS 

External morphology is described from 
pinned specimens. Genitalia from male H. 
harmonius and H. lanei and the labra of all 
castes/species were removed and treated 
in 5% potassium hydroxide before being 
stored in glycerine. Details of surface 
sculpture were observed with light reflect- 
ed from the light source (a Schott KL 1500- 
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Halictus pinguismentus Janjic and Packer, habitus, largest paratype female. Scale bar = 1mm. 

Z fibre optic system) using a variety of 
white surfaces, this was found more con- 
venient than using light transmitted 
through semi-opaque paper. Terminology 
generally follows that of Eickwort (1969), 
however, for the labrum we use the ter- 
minology of Walker (1995) and for surface 
sculpture characteristics we refer to 
McGinley (1986). Measurements were 

made using a Leica MS5 microscope with 
an ocular micrometer. When more than 
one individual was available to us we pre- 
sent measurements for the type followed 
by the range in brackets. 
We often refer to lengths of particular 

structures or of pilosity with reference to 
the diameter of the median ocellus ‘‘od” 
of the same individual. The relative size 
and density of punctures are given in 
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terms of the relationship between punc- 
ture diameter and the interspaces between 
them such as “i = 2d”. Other acronyms 
used are as follows: for metasomal terga 
and sterna we us T and S respectively (as 
the first abdominal segment is the meso- 
somal propodeum this means that T3 rep- 
resents the third metasomal tergum but 
the fourth abdominal tergum), Al refers 
to the first annulus of the antenna (ie fol- 
lowing the pedicel), UID and LID refer to 

the upper and lower interorbital distances 
respectively, IOD is the interocellar dis- 
tance—the distance between the inner 
margins of the lateral ocelli and OOD is 
the ocell-ocular distance, the shortest dis- 
tance between the outer margin of one lat- 
eral ocellus and the ipsilateral compound 
eye. 

In the descriptions below, we concen- 
trate on those features which vary among 
the New World species of Seladonia and do 
not repeat aspects which are constant, or 
almost so, among all 8 species. Character 
states which are diagnostic for a species 
are italicized. 

Halictus (Seladonia) pinguismentus 
Janjic and Packer, new species 

(Figs. 1-8) 

Holotype female.—Size: Total body 
length 7mm (7-8.3mm), head width 
2.1mm (2.1-2.4mm), forewing length 

5.3mm (5.3-5.7mm). Coloration: Head 

brown with dark metallic blue reflections 
except for clypeus, supraclypeal area, and 
epistomal and hypostomal regions non- 
metallic, red-brown; meosoma brown 

with dull metallic green reflections except 
disk of scutum with bronze-metallic re- 
flections, scutellum and metanotum dark 

brown, and legs amber but with tibiae 
slightly darker; metasoma orange-brown 
with apical impressed areas translucent 
testaceous; general body surface quite 
shiny especially on lower face, disk of scu- 
tum and scutellum. Pubescence: Off- 
white, moderately long (1.5—20d), pale or- 
ange recumbent hairs 0.5 od long mixed 

med 
D/ 

with longer hairs on scutum. Structure: 
Head (Figs. 1-2): Slightly broader than 
long (1:0.9); round in anterior view but 

with vertex flat. Labrum (Figs. 4, 5) with 
basal box comparatively long, length to 
width 1:1.6, apico-medially produced into an 
obtuse angle; elevated median area U- 
shaped; distal process narrow, 7," as wide 

at base as width of basal box, triangular; 
apical keel very broad basally, 0.7 times as 
wide at base as width of distal process at 
that point, gradually tapering to apex in 
dorsal view; keel flat on top, largely semi- 
circular in profile, elongate beyond ventral 
margin of distal process for almost half of 
its length and with this produced portion 
weakly concave ventrally. Mandible (Fig. 
7) long, reaching base of opposing man- 
dible, subapical tooth with dorsal margin con- 
cave, thus appearing unusually small at apex 
and expanded basally. Clypeus wide, 3 times 
wider than long, evenly convex, punctures 
uniformly sparse (i 2 20d). Supraclypeal 
area with apical margin gently convex, 
punctures of two distinct sizes, apically 
sparser than on clypeus, basally more 
dense than on clypeus. Malar space ex- 
tremely short, approximately as long as 
diameter of ommatidium of compound 
eye. Interocular area with punctures al- 
most contiguous medially, less crowded (i 
= d) laterally and below antennal base. 

Frontal carina extending from just below 
antennal bases to less than half distance 
from its apex to the median ocellus. Eyes 
converging above, UOD: LID 1:0.9. Vertex 
flat and long, 2.50d, area between lateral 

ocelli slightly raised, IOD = 20d, area be- 
tween lateral ocelli and compound eyes 
flat, OOD = 3.750d; punctures behind 
ocelli crowded, on rest of vertex less 
dense, i<d. Gena long, gradually narrow- 
ing behind eyes in dorsal view, produced 
postero-ventrally to form right angle or 
produced as a rounded lobe; maximum 
width approximately twice maximum 

width of compound eye in lateral view, 
excluding lobe if present; punctures some- 
what effaced in weak striae, striae becom- 
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Figs. 2-8. Halictus pinguismentus. 2-3. Head, side view. 2, Largest paratype female. 3, Holotype female. 4-5. 

Labrum. 4. Lateral view. 5, Dorsal view. 6, Pronotum, side view, holotype. 7, Mandible. 8, Femur/ tibial 

junction to show basitibial plate, not to scale. Scale bar = 1 mm. 
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ing stronger ventrally. Hypostomal region 
longitudinally weakly and finely striate, 
concave as a result of the genal angle. Me- 
sosoma: Pronotum (Figs. 1 and 6) with lat- 

eral angle strongly produced, carinate an- 
teriorly, carina continuous with pronotal 
lateral ridge which is strong, acute and en- 
tire; lateral angle concave behind carina in 
dorsal view and then swollen; lateral sur- 
face with one or two additional weak dor- 
so-ventral carinulae; dorsal ridge not car- 
inate. Scutum wider than long (1.2:1); an- 

terior margin evenly convex in dorsal 
view, overhanging pronotum medially; 
median line weak, half length of scutum; 
parapsidal lines weak, extending *% length 
of scutum; punctation uniformly deep and 
density, i = 0.5-1d, moderate in size, be- 
coming effaced along anterior margin of 
scutum. Scutellum 7 as long as scutum; 
punctures sparser (i = 2d), shallower and 
smaller than on scutum. Metanotum half 
as long as scutellum; punctures fine, dense 

(i = d), becoming transversely effaced lat- 

erally. Mesepisternum dorso-ventrally 
striate, striations deep and coarse; hypoe- 
pimeral area with striations primarily lon- 
gitudinal. Metepisternum with striae 
which are so deep and coarse as to appear 
more like ridges, primarily directed lon- 
gitudinally. Propodeal dorsal surface in- 
termediate in length between scutellum 
and metanotum; posterior surface carinate 

to % height, sparsely and minutely punc- 
tate; dorsal surface with approximately 30 
longitudinal striae; fine, moderately dense 
punctures at postero-lateral corners; lat- 
eral surface with dorso-ventrally directed, 
weak striae, these absent on anterior por- 

tion which has small, dense (i = d) but 
shallow punctures. Tegula orange-brown, 

shining; with very fine, shallow punctures 
anteriorly. Wings: Veins translucent amber 
and wing membrane hyaline as usual in 
Seladonia. Legs: Hindleg with basitibial 
plate elongate triangular, 20d in length, 
entire (anterior and posterior margins well 
defined) and acutely pointed (Fig. 8); in- 
ner hind tibial spur with 3 or 4 teeth (not 
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including apex), the first longer than wide, 
the remainder shorter than basal width. 
Metasoma: T1 length to width ratio 0.7:1; 
length of apical impressed area 30d me- 
dially and 20d laterally; anterior surface 
shining, sparsely punctured (i = 3d), with- 
out background microsculpture; becoming 
weakly, transversely microreticulate at 
brow with punctures minute and dense, 

especially laterally (i = d); microreticula- 
tions absent on disk and punctures in- 
creasingly larger and denser (i = d) pos- 
teriorly, sparser on lateral swellings; api- 
cal impressed region with fine, irregular 
punctures. T2 minutely roughened ante- 
riorly, disk with shallow, dense punctures 
(i = d), apical impression long, 40d, punc- 
tures as described for Tl. Punctures in- 
creasingly small and effaced on successive 
terga, apical impressions of T3 and T4 
long, 4od. Apical hair bands weakly de- 
veloped, not extending ventrally. 
Male.—Unknown. 
Etymology:—tThe specific epithet literally 

means “‘fat chin’, referring to the expand- 
ed genal region of this species, especially 
in larger specimens. 

Specimens examined.—The holotype fe- 
male is missing both antennae, the left 
mid leg beyond the coxa, and the left hind 
leg beyond the trochanter. The specimen 
appears to have become slightly worn and 
somewhat faded. In addition to the holo- 
type, we designate three paratypes, two of 
which are significantly larger (see below). 
The holotype and one paratype are la- 
beled ‘‘Guadeloupe Island, Pac. Ocean” 
(the other two paratypes are labeled 
‘Guadeloupe Island P.O.’’), without date 
or name of collector. Each specimen bears 
a second reddish brown label that has 
“Ent. Soc.” typed upon it and all four 

specimens were originally from the Phil- 
adelphia Academy of Sciences Collection 
where all but one are now housed (one 
remains in the Packer collection at York 
University). The two large paratypes have 
several marked differences from the two 
smaller individuals reminiscent of caste 
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differences found in some of the other 
New World Seladonia species. We describe 
the most important differences below. 

Discussion.—Based upon the appearance 
of the specimens and the labels associated 
with them, they would appear to be quite 
ancient. The locality is an island off the 
west coast of Baja California. It is current- 
ly uninhabited, has been ecologically 
damaged by goats, and is difficult to ac- 
cess owing to steep cliffs on all sides. 

The larger individuals have slight 
bronze reflections on the gena and scutel- 
lum. The gena is produced into a rounded 
lobe postero-ventrally (Fig. 2), this lobe is 
2.50d long and 30d wide at its base and it 
renders the ventral margin of the gena 
concave. The pronotal lateral angle is even 
more strongly developed than in the ho- 
lotype. Additionally, the larger bees have 
4 teeth on the inner hind tibial spur, as 
opposed to the 3 in the holotype. One of 
the larger specimens has much of its sur- 
face covered in an amber coloured mate- 
rial which may be dried nectar, it also has 
much of the pubescence worn away al- 
though its wings are not nicked, suggest- 
ing that it was not an old individual but 
rather one that had been badly treated fol- 
lowing capture. The other large paratype 
is in good condition, although it is missing 
apical tarsal segments of both hind legs 
and the left mid leg. The single small par- 
atype has had its head and thorax partial- 
ly crushed. 
We have not been able to locate any ad- 

ditional specimens of this species. In fact, 
we have not been able to find any addi- 
tional collections of bees from the type lo- 
cality. 

Halictus (Seladonia) harmonius 

Sandhouse 

(Figs. 10-16) 

Halictus (Halictus) harmonius Sandhouse 1941: 

36, female (USNM). 

Male.—Size: Very small, total length 4— 
5mm, head width 1.05-1.2mm, forewing 
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length 2.8-3mm. Coloration: Head metallic 
bluish-green except for clypeus, antennae 
and hypostoma; clypeus dark brown with 
apical Y,'" often yellow; antennae reddish- 
brown with scape and pedicel darker and 
anterior surface of flagellum slightly paler 
than remainder, anterior surface of first 
annulus yellowish; hypostoma brown; 
mesosoma metallic bluish-green except for 
reddish brown venter and legs; legs with 
narrow basal and apical bands on tibiae 
and stripe of varying width on outer sur- 
face of fore tibia, this and mid and hind 
tarsi pale brown. Pubescence: White, 
mostly of moderate length, approximately 
lod; longer (1.5—-20d) on face, gena, ante- 
rior of scutum, on scutellum and metan- 
otum, laterally on T5, and apical half of 
T6; short (0.50d) scale-like pubescence on 

side of face, sparse on gena and on apical 
impressions of abdominal terga. Structure 
(Fig 14.): Head: As wide as long but ap- 
pearing longer due to narrowing of clyp- 
eus and of vertex behind compound eyes. 
Labrum wider than long (2.6:1). Malar 

area very short, less than 0.20d. Clypeus 
1.3 times as wide as long; apical *4 pro- 
jecting below a lower tangent of com- 
pound eye; punctures shallow and sparse, 
i = 3d. Supraclypeal area with punctures 
deeper and denser than clypeus, i = 2d. 
Gena and vertex unmodified. Antenna 
long, reaching past base of metasoma; 
scape short, twice apical width and no 
longer than medial flagellar annuli; pedi- 
cel shorter than wide; Al less than half 
length of succeeding annuli, length and 
width subequal; remaining annuli twice as 
long as wide or longer. Mesosoma: Prono- 
tum with lateral ridge weakly carinate; 
pronotal angle obtuse; dorso-ventral cari- 
na undefined. Scutum length and width 
subequal; convex anteriorly, slightly over- 
hanging pronotum medially; median fur- 
row weak but faintly discernible for entire 
length of scutum; parapsidal lines distinct, 

extending anteriorly for % length of scu- 
tum; punctation deep, distinct and uni- 

formly dense with interspaces approxi- 
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mately equal to puncture diameters. Scu- 
tellum slightly shorter than 1/2 scutal 
length; median line defined on anterior 
half; punctures uniform as on scutum. Me- 

tanotum half length of scutellum; raised 
medially; punctures dense to rugose me- 
dially, sparse but well defined laterally. 
Mesepisternum minutely roughened, 
punctures effaced. Metepisternum with 
uneven longitudinal striae. Propodeal dor- 
sal surface intermediate in length between 
scutellum and metanotum, 20d long; 

rounded posteriorly in dorsal view; pos- 
terior carinae undefined; dorsal surface 
longitudinally ruguloso-striate, striations 
not reaching posterior margin and finely 
rugose apico-medially; posterior margin 
shining and devoid of sculpture; lateral 
and posterior surfaces with fine punctures 
i = d laterally, sparser on shinier back- 
ground posteriorly. Wings: Veins dark am- 
ber, membrane hyaline. Metasoma: Terga 
slightly sinuate in lateral view (especially 
for T2 and T3), weakly depressed apically 
then gently convex to short (lod) apical 
impressed areas. Tl length subequal to 
width; basal area impunctate and shining; 

punctures deep, fine and dense (i = 1—2d) 
elsewhere; punctures increasingly fine and 
sparse on succeeding terga, apical im- 
pressed areas impunctate and shining be- 
neath hair bands. Sterna with short, dense 
pubescence. Apical margin of S4 broadly 
concave, with apically directed tuft of 
hairs on lateral %4 of posterior margin, 
these hairs twice as long as elsewhere, 

hairs medial to these tufts laterally direct- 
ed, short and dense. Apical margin of S5 

almost straight, with marginal row of 
sparse, posteriorly directed hairs, increas- 
ing in length from centre to lateral mar- 
gins of segment. S6 with faint medial, bas- 
al depression. Terminalia (Figs. 15, 16): S7 
triangular with pointed apex. S8 rounded. 
Gonobase with dorso-median suture dis- 
tinct; ventro-lateral margins converging 
posteriorly to very acute lateral projec- 
tions, no medio-dorsal cleft to apical mar- 
gin, dorsally convex in lateral view; gon- 
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ocoxae elongate, sides subparallel with no 

marked concavities, strongly reflexed in- 
ner dorsal basal margin, lacking striation. 
Gonostylus enormous, swollen, almost as long 
as gonocoxae, with ventral margin broadly 

rounded and becoming vertical apically, with 
apical lobe glabrous and quadrate both from 
above and in profile, with medial semicir- 
cular concavity half way along length just 
ventral to inner setose lobe. Second gon- 
ostylus half as long as apical gonostylus, 
parallel sided. 

Putative Queen.—Size: Small, body length 

4.3mm, head width 1.3mm, forewing 3mm. 
Coloration: Head metallic green with 
bronze reflections; clypeus and epistomal 
region dark red-brown; gena and hypo- 
stomal area brown with greenish-bronze 
reflections; scutum and scutellum metallic 
green; metanotum dark brown with weak 

green reflections; pleura and propodeum 
metallic blue-green; area between fore and 
mid coxae orange-brown; legs brown, tib- 
iae with pale basal spots; tegula amber; 
antennae brown, paler on anterior surface 
and at apex; metasoma brown; entire body 
except pleura, propodeum, and metasoma 
strongly shining owing to absence of mi- 
crosculpture. Pubescence: Sparse, fine, 
and long (1.5-20d) on clypeus, anterolat- 
erally on scutum, laterally on scutellum 
and metanotum, on pleura, dorsally on 
lateral surfaces of propodeum and later- 
ally on metasomal terga, more abundant 
on T5 and covering T6; short (0.50d) and 
appressed near compound eyes on frons 
and gena, on pronotal angles, and meta- 
notum; apical tergal hair bands weak and 
extending ventrally. Structure: Head (Fig. 
12): quadrate, very slightly longer than 

wide 1.03:1, vertex slightly swollen behind 
compound eyes. Labrum (Fig. 10) with 
basal box twice as wide as long, apical 
margin convex; glandular area less than 

half width of basal box, not strongly pro- 
tuberant, with basal portion lacking glan- 
dular openings medially to give whole 
area a flattened U-shape; distal process an 
equilateral triangle with 17 lateral setae, 
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somewhat sparser on apical half; apical 
keel long, extending % of its length be- 

yond apical margin of distal process, 
slightly concave ventrally, rounded api- 
cally and somewhat unevenly convex dor- 
sally in lateral view, dorsal surface narrow 
and flat. Clypeus weakly produced medi- 
ally, lateral teeth obtuse; length to width 
1:3.5; punctures small, shallow and un- 
evenly sparse, i = 1-5d. Supraclypeal area 
weakly convex apically, punctures as on 
clypeus but somewhat more dense basally 
and laterally, i = 14d; epistomal lobe 
very obtuse with subantennal sutures 
gradually curving into fronto-clypeal su- 
ture. Eyes converging slightly above (UID: 
LID = 0.95:1). Malar space very short, 
0.250d. Frons with punctures small, dense 
and well defined throughout, i = d, except 
sparser below antennae (i = 1.5-2d) and 

with impunctate area immediately above 
antennal bases; frontal suture short, ex- 
tending from mid-level of toruli to less 
than half distance to median ocellus. Ver- 
tex slightly elongate, 2.5 od from lateral 
ocelli to posterior margin; IOD slightly 
less than 30d; OOD 3.50d; punctures ef- 
faced behind ocelli. Gena convex without 
angular projections, greatest width to eye 
width ratio slightly less than 2:1; punc- 
tures distinct immediately behind com- 
pound eye (i = d); effaced elsewhere, 
weakly microstriate ventrally; hypostoma 
broadly convex, without angles or projec- 
tions. Mandible (Fig. 11) swollen basally 
with well defined subapical tooth. Meso- 
soma: Pronotum overhung by scutum me- 

dially; lateral angle obtuse, dorso-ventral 
ridge undefined; lateral carina weak to 
pronotal lobe, collar weakly wrinkled. 
Scutum longer than wide (1.17:1); anterior 

margin straight between pronotal angles; 
median suture broad, extending half 
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length of scutum; parapsidial lines weak, 
extending to anterior % of scutum; punc- 
tures fine, moderately deep and uniformly 
dense (i = d), but slightly more dense lat- 
erad to parapsidial lines and effaced along 
anterior margin. Scutellum weakly im- 
pressed medially; punctation as on scu- 
tum. Metanotum half length of scutellum; 
punctures minute, dense (i = d) medially 
becoming sparser and effaced laterally. 
Mesepisternum with large, shallow, 

sparse (i = 2d) punctures partly effaced in 
roughened background. Metepisternum 
with antero-posteriorly oriented roughen- 
ing. Propodeum with dorsal face as long 
as scutellum, posterior margin rounded; 
weakly and irregularly striate on dorsal 
surface except rugulose medially; lateral 
surfaces microreticulate, anteriorly with 
weak antero-posteriorly directed striae; 
posterior carinae not developed. Legs: In- 
ner hind tibial spur with 3 teeth, the first 
longer than basal breadth, the other two 
broader than long. Basitibial plate entire, 
acutely pointed, narrow and long (1.7od). 
Wings: Veins pale honey coloured, costa 
and prestigma darker, membrane hyaline. 
Mesosoma: T1 length:width 1:1.7; apical 
impressed area lod long; anterior half 
transversely microreticulate; apical half 
with small, weak, and slightly transverse- 
ly effaced punctures of uniform density (i 
= d); apical impressions with exceedingly 
minute, sparse punctures. Punctation in- 
creasingly weak on succeeding terga. Api- 
cal impressed area of T2 lod, of T3 and T4 
longer, almost 20d. Weak apical hair 
bands extending ventrally, that of T1 
broadly interrupted medially, that of T2 
narrowly so. 

Specimens examined.—We have seen 
males from San Timoteo Canyon, River- 
side Co., California and Yucaipa, San Ber- 

~ 

Figs. 9-14. Halictus harmonius. 9, Labrum, worker, side view. Lower scale bar, = 1 mm. 10, Labrum, putative 

queen, side view. 11, Mandible, queen. Scale bar = 0.1 mm. 12, Putative queen. Scale bar = 0.1 mm. 13, 

Worker. 14, Habitus, male. Lower scale bar, = 1 mm. 
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\ 
Figs. 15-18. 
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16 

Halictus, terminalia. 15-16. Halictus harmonius. 15, Genitalia, ventral view on left, dorsal on right. 

Scale bar = 0.1 mm. 16, Gonostylus, lateral view. 17-18. Halictus tripartitus. 17, Gonostylus, lateral view. 18, 

Gonostylus, ventral view. Seale bar = 0.25 mm. 

nardino Co., California. The first specimen 
collected was found on August 12", 1897 
by H.A. Horn, and is deposited in the Uni- 
versity of California, Riverside collection. 
Two additional males collected in the 
same canyon in 1974 were found in mal- 
aise traps run by M. Wasbauer and R. Mc- 
Master on Sept. 9'", these are in the Cornell 
University collection. The male from Yu- 
caipa was collected by T. Griswold on 
June 9'" 1975 and resides in the USDA col- 
lection at Logan, Utah. The queen speci- 
men was collected at Wildwood Canyon, 
San Bernardino Co., California on May 
22™!, 1977 by Terry Griswold who recog- 
nised the macrocephalic nature of the 

specimen and labeled it as such. It resides 
in the USDA bee lab, Logan, Utah. 

Discussion.—Males of H. harmonius vary 
in the extent of pale colouration on the 
legs and clypeus. Some specimens have 
the clypeus entirely dark and some have 
almost the entire surface of the fore tibia 
pale in colour. All, however, have the mid 

and hind tibiae dark and concolorous with 
the corresponding femur. 

Variation among the females would ap- 
pear to result from features that probably 
relate to caste differences. The large pu- 
tative queen specimen differs from the 
smaller workers that we have seen pri- 
marily in having a large, quadrate head 
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which is slightly longer than wide and 
eyes that are slightly divergent below 
(compare Figs. 12 and 13). In contrast, the 
worker head is slightly wider than long, 
more rounded and the eyes are slightly 
convergent below. The worker also has a 
more strongly produced clypeus; the wid- 
ened lower portion of the face of the pu- 
tative queen giving the clypeus a flatter 
aspect. The labra differ in that the queen 
has a longer and slightly differently 
shaped apical portion and a basal portion 
with a more abrupt apical margin than is 
found in the worker (compare Figs. 9 and 

10 for worker and queen, respectively). 
This species is most readily distin- 

guished from other North American mem- 
bers of the subgenus by its extremely 
small size. Indeed, these bees are small 

even for Lasioglossum (Dialictus), from 
which they can be readily distinguished 
by the usual Halictus characters of strong 
apical wing veins and apical bands of pu- 
bescence on the abdominal terga (contrast 
figures 143 with 145 and 146 with 147 in 
Michener et al., 1994). Based upon geni- 
talic characters (see below), this species is 

most closely related to H. tripartitus, from 
which it is readily distinguished on the 
basis of size (the smallest H. tripartitus are 
fully 50% larger than the largest H. har- 
monius) and the greater density of punc- 
tation of head, mesosoma and metasoma 
in the larger species. Additionally, fresh 
females of H. tripartitus have very well de- 
veloped snowy-white apical tergal bands 
of pubescence whereas those of H. harmon- 
ius are Sparser and on T1 are very broadly 
interrupted. 

The genitalia of male H. harmonius are 
very distinctive and differ markedly from 
all other New World Seladonia except H. 
tripartitus (compare Figs. 15 and 16 with 
18 and 17, respectively). Both species have 
large, swollen, sinuate gonostyli with a 
medial semicircular concavity and a thick, 
glabrous, apical lobe instead of a narrow, 
setose process. These gonostylus charac- 
ters are shared by no other Halictus species 
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known to us. The two species differ in that 
H. harmonius has a proportionately much 

larger gonostylus—as long as the gono- 
coxae (Fig. 15), whereas this feature is 
only *% as long as the gonocoxe in H. tri- 
partitus. The shape of the apical lobe of the 
gonostylus also differs markedly between 
the species. In H. harmonius it is quadrate 
in profile (Fig. 16), whereas in H. triparti- 
tus it is dorso-ventrally flattened (Fig. 17). 

The shape of the gonostylus just basal to 
the apical lobe is also different—in H. har- 
monius this area is angularly emarginate 
whereas in H. tripartitus there is a deep, 

sharp cleft that extends to the inner-basal 
margin of the lobe and the area basal to 
the lobe is expanded apically to form a 
short shelf beneath the apical lobe. The 
male of H. tripartitus also has paler legs 
and a head that is slightly wider than 
long, as opposed to round, and is not so 
markedly narrowed behind the com- 
pound eyes as in H. harmontus. 

Halictus harmonius is a rare species hav- 
ing been found most often in the region 
around Yucaipa and the San Timoteo can- 
yon in the San Bernardino/ Riverside re- 
gion of California. We have been unable 
to verify the records of this species listed 
in Krombein et al. (1979) from Colorado. 

We presume that their records were erro- 

neous as this state was not included in the 
list of localities given by Moure and Hurd 

(1987). 

Halictus (Seladonia) lanei (Moure) 

(Figs 19-23, 26-29, 32-36) 

Pachyceble lanet Moure 1940:55. 

Halictus (Seladonia) lanei Michener 1954:38 

(Moure Collection). 

Queen.—Size: Total body length 9.5mm; 

head width 3.1mm, forewing length 

6.8mm. Coloration: Head red-brown on 

clypeus, supraclypeal area, genae, and hy- 

postomal area, with bronze-green metallic 

reflections elsewhere; malar area and apex 

of mandible black; antennae light brown. 

Scutum and scutellum dark brown with 
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Fig. 19. Halictus lanei, macrocephalic female head 
(center) with worker (lower left) to show size differ- 

ence between castes. 

bronze-green reflections anteriorly on scu- 
tum and medially and along lateral mar- 
gins of scutellum; remainder of mesosoma 
greenish-blue metallic except legs light 
amber-brown. Metasomal terga light 
brown on T1-3, T4 and T5 almost black, 
with weak metallic green reflections 
throughout, though somewhat more 
strongly in more posterior segments. En- 

tire head and dorsal surface of mesosoma 
very shiny, completely lacking in back- 
ground microsculpture. Pubescence: Off- 
white except for short appressed pubes- 
cence on metasomal terga 3 to 5 and all 
pilosity on the legs which are golden; 
mostly 1 od in length and sparse, partic- 
ularly on dorsum of mesosoma. Structure: 
Head (Fig. 19): Massive, considerably wider 
than thorax, ratio of head width to intertegular 

distance 1.6:1; shape quadrate, slightly 

Figs. 20-22. 

Dorsal view. 21, Lateral view. 22, Worker, lateral 

view. Scale bar = 1 mm. 

Halictus lanei labra. 20-21. Queen. 20, 

wider than long. Labrum (Figs. 20, 21) 
with basal box only 1.5 times as wide as 
long, parallel sided, apical margin medi- 
ally produced to give a pronounced V 
shape but with apex somewhat rounded; 
glandular area very weakly produced, U 
shaped, pores sparse; distal process elon- 
gate, almost 1.5 times as long as basal width, 
laterally weakly convex, apex broadly rounded; 
marginal setae becoming widely separated in 
apical half where they arise from the dorsal 
surface of the labrum rather than the lateral 
margins; median keel bisinuate, apical half 

with dorsal margin transversely concave, 
apical margin of keel concave; ventral sur- 

face of labrum completely flat. Mandibles 
enormous, reaching inner ventral margin 

of contralateral compound eye, narrowed 
and slightly outwardly curved beyond 
subapical tooth. Clypeus wide and short, 
length to width 1:4; very weakly convex, 



VOLUME 10, NUMBER 1, 2001 67 

Figs. 23-31. Halictus lanei and H. hesperus. 23, Worker scutum showing punctation o! H. lanei (left side) and 

H. hesperus (right side). 24-25. H. hesperus, propodea. 24, Worker, 25, queen. 26-27. H. lanei, propodea. 26, 

Worker, 27, queen. Scale bar = 0.3 mm. 28-29. H. lanei, basitibial plate. 28, Worker. 29, queen. 30-31. H. 

hesperus, basitibial plate. 30, Worker, 31, queen. Basitibial plates not to scale. 
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with blunt median tubercle, slightly de- 
pressed lateral to the tubercle, lateral clyp- 
eal teeth very short and obtuse; dorsal 
margin for the outermost quarter on each 
side completely straight and slightly ori- 
ented anteriorly, epistomal angle obtuse; 
punctures large and shallow with i = d. 
Supraclypeal area triangular, apical width 
twice its length, very weakly convex; 

sparsely punctured i = 2d. Compound 
eyes convergent above, UOD: LID 7:8; un- 
usually small in comparison to reminder 
of head, length only 0.6 that of head. Fron- 
tal carina very short, extending from level 
with ventral margin of antennal socket to just 
above them. Punctures small and moderate- 
ly dense, most dense (i = d) around ocelli, 
becoming larger and sparser both anteri- 
orly and posteriorly, particularly sparse 
on vertex (i = 3d). Vertex swollen, such 
that head slightly wider at some distance 
behind compound eyes than across them; 

very long such that distance between lateral 
ocellus and posterior margin of vertex = 60d 
(Fig. 19); OOD 40d, IOD 2.50d; ocelli sit- 
uated in shallow depressions. Gena pos- 
tero-ventrally greatly elongate, almost 
twice as long as greatest width of com- 
pound eye, giving head a triangular ap- 
pearance in lateral view. Hypostoma 
broad and flat, without teeth or other pro- 
tuberances; hypostomal carina strong, 
particularly posteriorly. Mesosoma: Prono- 
tum with lateral angles quadrate, strongly 
produced beyond scutum both anteriorly and 
dorsally, carinate anteriorly, carina contin- 
uous with strong pronotal lateral ridge; no 
carina on dorsal ridge; lateral surface with 
strong dorso-ventral striae. Scutum wider 
than long, ratio 6:5; median furrow deep such 
that anterior margin of scutum is biconvex, 
extending half length of scutum; parapsi- 
dal lines distinct, extending from near 
posterior margin to anterior 7,ths of scu- 

tum; punctures shallow, small, and 
sparse, i = 1.5d, except near antero-lateral 
corners where i = d. Scutellum 2.5 times 
as wide as long, 7 ths as long as scutum, 

very flat; punctures as on scutum but 
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denser around margins. Metanotum half 
as long as scutellum, uniformly, densely, 
and minutely punctured. Mesepisternum 
dorsoventrally striate on lateral and ante- 
rior surfaces, striae continuing transverse- 

ly on ventral surface, posterior margin 
lacking striae, with a few weak punctures, 
this non-striate region is longer ventrally. 
Metepisternum dorsoventrally striate as in 
mesepisternum. Propodeum with dorsal 
surface two-thirds as long as scutellum, 

with approximately 40 fine, longitudinal 
striae which are strongly curved to give an 
almost fingerprint-like pattern (Fig. 27); stri- 

ae do not reach apical margin of dorsal 
surface medially, space between striae and 
apical margin completely devoid of sculp- 
ture and very shiny; lateral surface micro- 
reticulate with sparse, minute punctures. 
Wings: veins amber except for costa, 
which is darker brown, membrane hya- 
line. Legs: Basitibial plate of hind leg with an- 
terior margin only well defined at the apex, 
posterior margin well defined, apex pointed 
(Fig. 29); hind tibial spur with four teeth, 

the first twice as long as broad, the second 
as long as broad, the third and fourth suc- 
cessively shorter. Metasoma: Anterior of T1 
microreticulate with small, weak, widely 
spaced punctures (i > 3d); disk with very 
small, dense punctures, i = d; apical im- 
pressed region weakly differentiated from 
remainder of tergum, 20d in length, simi- 

larly punctured as on disk; punctures on 
remaining gastral terga minute and some- 
what sparser than on T1; apical impressed 
areas poorly differentiated; apical hair 

bands extremely weak, not extending ven- 
trally. 

Worker. —Size: Body length 5.8-6.5mm, 
head width 1.6-1.8mm, wing length 4.5- 
5mm. Coloration: Metallic green through- 
out except for apical % of clypeus dark 
brown; mandible amber with red-brown 
apical 1/3 and dark brown basal spot; an- 
tennae pale brown; femur and posterior 
surface of fore and sometimes mid-tibia 
brown, remainder of tibiae and tarsi am- 
ber; mesosomal venter brown, apical im- 
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pressions of terga translucent. Pubes- 
cence: Hairs white, slightly off-white on 
pleura and abdomen; mostly lod long. 
Structure: Head: Slightly wider than long, 
rounded. Labrum (Fig. 22) with basal box 
twice as wide as long, anterior margin 
convex; glandular area strongly produced, 

medially divided almost completely by 
non-glandular depression to give it a bi- 
convex shape in apical view; distal process 
longer than basal width, laterally gently 
bisinuate, convex apically; with approxi- 
mately 27 lateral setae; apical keel project- 
ing for ¥, its length beyond apex of distal 
process, flat ventrally, convex dorsally, 

subtruncate apically; narrowed to sharp 
dorsal margin. Mandible extending only 
slightly beyond opposing clypeal tooth; 
with blunt subapical tooth. Clypeus 
length to width 1:2.5; evenly and quite 

strongly convex; punctures weak, highly 
variable in size, anteriorly open and un- 
even in density with i = d apically and 
basally, i = 2-3d on disk. Supraclypeal 
area with anterior margin only slightly 
convex, almost straight; punctures as on 

clypeus but more clearly bimodal in size, 
with larger ones more numerous. Frontal 
suture extending from below antennal 
sockets to half the distance to median ocel- 
lus. Inner eye margins subparallel UID = 
LID. Frons with punctures larger, shallow- 

er, partly effaced and sparse (i = 1.5d) 
lower on face to smaller, deeper, entire, 

and denser (i = d) below ocelli. Vertex 

with IOD = 20d, OOD = 20d and distance 

from lateral ocelli to posterior margin of 
vertex 20d; punctures becoming increas- 
ingly sparse, small and effaced posterior- 
ly. Gena with greatest width barely any 
greater than that of compound eye (1.1:1); 
without processes or angulation; punc- 

tures weak and effaced. Hypostoma flat 
without processes. Mesosoma: Pronotal lat- 
eral angle obtuse, lateral ridge weak, no 
stronger than the few, more posterior dor- 
so-ventral carinae. Scutum slightly wider 
than long (1.1:1); straight between prono- 
tal angles; slightly overhanging pronotum 

69 

medially; punctures small, shallow, slightly 
effaced transversely and sparse (i = 1.5-4d), 
somewhat more dense and even laterad of 
parapsidal lines (Fig. 23). Medial suture 
extending half length of scutum, deeply 
impressed anteriorly; parapsidal lines ex- 
tending from posterior 4 of scutum to an- 
terior 4; ending in small pits both anteri- 
orly and posteriorly. Scutellum medially 
unimpressed; punctures as on scutellum, 
but more uneven in size and density. Me- 
tanotum half length of scutellum; im- 

pressed medially; punctures effaced, sur- 
face shiny. Propodeum with dorsal sur- 
face intermediate in length between scu- 
tellum and metanotum; with striae 
transverse medially on basal half, arcuate, 
open posteriorly on posterior half, trans- 
verse laterally; in its entirety area appears 

like a broad fingerprint (Fig. 24); lateral 
surface with weak, effaced punctures in 
minute dorso-ventral roughening. Mese- 
pimeron with weak, effaced punctures, 
background weakly dorso-ventrally mi- 
crostriate; hypoepimeral area with weak, 
broad striae directed antero-dorsal to pos- 
tero-ventrally. Metepisternum with coarse 
antero-dorsal-postero-ventrally directed 
weak, irregular striae. Wings: Veins pale 
straw in colour, membrane hyaline. Legs: 
Basitibial plate of hind leg with anterior mar- 
gin weakly defined at apex only, posterior mar- 

gin well defined and sinuate (Fig. 28). Inner 
hind tibial spur with 3 broadly rounded 
teeth, first much larger than others. Meta- 
soma: T1 longer than broad (1.2:1); apical 

impressed area much wider medially 
(30d) than laterally (lod); background 

sculpture transversely microreticulate 

with small, weak punctures (i = 1.5d) in 
anterior half, punctures becoming stron- 
ger and background sculpture weaker in 
apical half; apical impression minutely 
and sparsely punctured. T2 with punc- 

tures slightly larger and deeper than T1, 
without microsculpture. T3 with punc- 
tures more effaced, even more so on T4 
and T5. Apical impressed areas on T2-5 

20d in length. 
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Male.—Size: Total body length 7mm, 
maximal head width 1.5mm, forewing 
length 4.7mm. Coloration: Head metallic 
bluish green with slight bronze reflection 
medially, except clypeus which is brown 
with bluish green reflection basally, paling 
to yellowish amber non-metallic on apical 
¥%. Scape and pedicel brown, flagellum 
pale brown dorsally, dark amber ventral- 
ly, first annulus amber throughout. Pro- 
notum and mesosomal venter brown with 
metallic bluish green reflection; mesoso- 

mal pleura and terga metallic green; pro- 
podeum metallic bluish green. Legs amber 
with fore and hind coxae pale brown. Me- 
tasomal terga metallic golden green, more 
weakly so on apically impressed areas. 
Sterna dark testaceous. Pubescence: White 
to cream coloured, mostly long (1.5—20.d.) 
on face, gena, hypostoma, scutum, scutel- 

lum, metanotum, and mesosomal pleura. 
Shorter (1 0.d.) on vertex, even shorter (%4 
o.d.) on anterior interocular area, inter- 

mixed with long, fine, and golden hairs on 
metasomal terga, and creamy white with 
pronounced branching on posterior pro- 
podeum, and laterally and anteriorly on 
metasoma. Very short (% 0.d.), broadly 

plumose, and appressed on supraclypeal 
area, clypeus, dorsal surface of collar and 
of posterior lobe of pronotum, lateral and 
posterior margins of scutum, metanotal 

anterior margin, and on apical impressed 
areas of metasomal terga in worn or in- 
complete bands. Structure: Head: as wide 
as long, but appearing longer owing to 
narrowing at level of clypeus. Labrum not 
visible in undissected specimen. Malar 
area short, approx. 0.5 0.d. Clypeal width 
subequal to length; apical 2/3 projecting 
below lower tangent of eye margins; 
punctures large, shallow, and dense (d>i), 
apically effaced. Supraclypeal area with 
smaller punctures apically and much 
smaller between toruli, d>i. Intraocular 
punctures small, and longitudinally ef- 
faced between torulus and compound eye; 
small, deep, distinct, and crowded (d>2i) 

on frons; slightly larger on vertex, effaced 
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and more widely spaced posteriorly on 
vertex. Gena and vertex unmodified. An- 
tenna reaching posterior margin of scutel- 
lum; scape 3 times as long as apical width; 

pedicel shorter than wide; A1 shorter than 

wide, all remaining flagellar annuli twice 
as long as wide. Mesosoma: Pronotum with 
lateral ridge weakly angulate; pronotal an- 
gle wide but distinct; collar chagrined. 
Scutum length *%4 width; slightly produced 
anteriorly between pronotal lateral angles, 
otherwise flat anterior margin; not oOver- 

hanging pronotum; median furrow dis- 
tinct, extending half length of scutum; par- 
apsidal lines weak, extending to anterior 
¥s; punctures moderate in size and deep, 

d=i, weaker and slightly effaced anteri- 
orly, slightly sparser (d = i) posteriorly. 
Scutellum slightly less than half as long as 
scutum; punctures small anteriorly, d = 
2i; becoming denser, larger, and irregular 
posteriorly, where d~i; most dense on 
postero-lateral corners and posterior mar- 
gin. Metanotum less than % length of scu- 
tellum; very narrow medial longitudinal 
area marked by very small contiguous 
and deep punctures; lateral to this punc- 
tures small, d = i; extreme lateral margin 
with punctures larger and effaced into ru- 
gae. Mesepisternum rugose to weakly 
dorso-ventrally striate anteriorly; hypoe- 
pimeron rugose. Metepisternum rugoso- 

striate in antero-posterior direction. Pro- 
podeum length subequal to scutellum; ar- 
cuate striate with arcs open posteriorly, 

striae confused medially, giving them im- 
pression of rugae; smooth at postero-lat- 
eral margins; laterally rugose; posterior 
face with small punctures d>i; lateral ca- 
rinae extending nearly half height. Wings: 
Veins, prestigma, and stigma pale honey 
coloured, costa brown, membrane hyaline. 

Metasoma: Terga with apical impressed ar- 

eas up to lo.d. long medially and 0.5 o.d. 
laterally, most distinctly marked on T1, 
and weaker and shorter on subsequent 
terga to imperceptible as an impression on 
T5; dorsal surface not sinuate in profile. T1 
60% long as wide; lateral swellings dis- 
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Figs. 32-33. Halictus sterna. 32, H. lanei, sternum 5, 

apical view. 33, Sternum 6, ventral, H. hesperus (right), 

H. lanei (left). 

tinct; area anterior to brow transversely 

microrugulostriate, brow with shining 
background and small punctures (d<i); 
punctures on disc dense, d>2i, sparser 

across lateral swellings; punctures on im- 
pressed area smaller and very dense 
(d>i). Punctures small, d = i, becoming 
increasingly more effaced on subsequent 
terga; apical impressed areas of subse- 
quent terga with punctures as on discs, 

slightly smaller and sparser on T5 and T6. 
S4 weakly concave apically. $5 with a short 
medio-apical tuft of fine erect hair, %4 0.d. long 
and wide, hairs % o.d. long (Fig. 32). S6 
with wide medial longitudinal impuncta- 
te, glabrous, depressed area bordered by 
long hairs (Fig. 33). Terminalia: S7 trian- 
gular with pointed apex. $8 with triangular 
medial projection on rounded stepped base 
(Fig. 34). Gonobase long, concave laterally; 
median suture distinct only basally; small 
medio-dorsal cleft in apical margin; ante- 
rior ventral margin obtusely angled (Fig. 
35); ventro-lateral arms converging apical- 
ly, though not touching. Gonocoxae with 

7] 

latero-basal concavity; ventral bridge very 
deep, basal margin deeply and abruptyl 
concave; lacking dorsal striations. Gonos- 
tylus with body approximately half length 
of gonocoxe; rectangular in lateral view 
with basal width slightly shorter than api- 
cal width and with dorsobasal margin pro- 
duced; apical inner surface bearing numer- 
ous hairs; inner margin bearing 6 thick 
and apically swollen hairs directed mesad; 

anteriorly directed portion of recurved apical 
projection narrowed to a blunt point; apical 

stylus long, %4 length of gonostylus body, 
narrow, recurved dorsally, and bearing 
long branched hairs. Second gonostylus 
absent. Penis valve with tips dorsoven- 
trally flattened, bluntly pointed, and api- 

cally slightly recurved dorsad; penis valve 
ventro-basal projection long and narrow. 

Specimens examined.—We have observed 
workers from Conceicao do Araguaia, 
Para, Brazil, collected in July, and from 
Lara, Venezuela, collected in June, and 

from Merida, Venezuela, no date from the 

Cornell University collection. The single 
male was found in a collection at the Car- 
negie Museum of Natural History, bearing 
the label: Bogeirao, Rio Grande, Brazil, 
collected on January 8, 1908, also labeled 
Carn. Mus. Acc. 3533 along with a series 
of 9 females labeled Barra Bahia, Brazil, 
Dec. 6 1907, Carn. Mus. Acc. 3533. 

The large female specimen described 
here has been identified by Padre Moure 
as belonging to Pachyceble lanei, the name 
by which this species was known prior to 
its recognition as a member of the genus 

Halictus by Michener (1954). It bears no lo- 

cality label and is in the Cornell Univer- 

sity collection. Our specimen is larger and 

hence somewhat more macrocephalic than 

the type, photographs of which were 

kindly sent to us by Dr. Danuncia Urban 

of Curitiba. More interestingly, our speci- 

men has the striations of the propodeal 

enclosure partly longitudinal, much more 

so than the type specimen or the workers, 
in which they are primarily transverse. 
While it is not impossible that this single 
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specimen represents a species distinct 

from H. lanei we take the more conserva- 
tive position and ascribe the variation in 
propodeal sculpture to allometric varia- 
tion. In support of this conclusion is the 
observation that queens of the closely re- 
lated H. hesperus also have most of their 
propodeal striae longitudinal whereas 
those of the workers are transverse (com- 
pare Figs. 24 and 25 for worker and queen, 
respectively). 

Discussion.—Only two other Seladonia 
species come close to the geographic range 
of H. lanei: H. hesperus, and H. lutescens. 
Females of the latter are readily separable 
from those of the other two species be- 
cause of their largely orange metasoma, 
dense punctation on the scutum with i<d 
and their entirely rugulose dorsal propo- 
deal surface. Both queens and workers of 
H. lanei are distinguishable from those of 
H. hesperus by the incomplete basitibial 
plate of the hind leg (Figs. 28-31). In H. 
hesperus the basitibial plate is entire 
whereas in H. lanei it is absent anteriorly 
except at the extreme apex. This reduced 
anterior margin of the plate is also shared 
by both large and small females of H. lu- 
tescens. Furthermore, queens of H. hesperus 
have an angle on the hypostomal carina 
rather than on the gena (Brooks and Rou- 
bik, 1983), the latter being evenly convex 
in both H. hesperus and H. lutescens, but 
markedly produced in large specimens of 
H. lanei as noted above. 

Differentiating between the workers of 
H. hesperus and H. lanei is more problem- 
atic. Other than the basitibial plate char- 
acter mentioned above, the most readily 
detectable difference appears to be in the 
nature of the scutal punctation (Fig. 22). 

In H. hesperus the punctures are shallow 

and largely effaced in an approximately 
triangular area between the central point 
of the scutum and its antero-lateral cor- 
ners. Elsewhere they are better defined, 
separated by interspaces that approximate 
their own diameters and quite variable in 
size with some comparatively large and 

shallow punctures among the rest. In con- 
trast, the scutal punctures of H. lanei are 

partly effaced throughout the scutum, no- 
where are they as strongly effaced as in 
the anterior region of the scutum of H. hes- 
perus but they are more uniformly so. The 
punctures of H. lanei workers are also 
more widely spaced, with i = 1.50d. 

Most of the interesting aspects of the 
morphology of the large specimen—the 
labrum (Figs. 20, 21), the extreme length 
of the mandibles (Fig. 19), enormous swol- 

len head, very long gena, and the enlarged 
pronotal angles—are attributable to ex- 
treme caste dimorphism. Indeed, with a 
head width of 3.1mm, this queen-like in- 
dividual is twice as large as the smallest 
worker we have available for study (Fig. 
19). Translating these linear measure- 
ments into mass, it is possible that this 
queen weighs 8 times as much as the 
smaller workers. Halictines take approxi- 
mately 8 foraging trips to produce a pol- 
len ball that yields an individual of the 
same size as the forager. It is known for 
H. hesperus that the workers produced by 
the queens are smaller than the later 
emerging workers (Packer, 1985). This 
leads to the intriguing possibility that 
queens of this species can produce a work- 

er from a single foraging trip. 
The male H. lane is easily distinguished 

from H. lutescens and H. hesperus, and in 
fact all other Seladonia, by the unique gen- 
italic and sternal characters, though again, 

, oma 

Figs. 34-37. Halictus terminalia. 34-36. H. lanei. 34, Sterna 7 and 8. 35, Genital capsule, dorsal view (left), 

ventral (right). Dorsal and ventral views shown at angles optimizing view of relevant structures, not sym- 

metrical. 36. Gonostylus, lateral view. 37. H. (S.) hesperus, gonostylus, lateral view. Hairs and portions of hairs 

behind other structures not drawn. 
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only H. hesperus has a geographic range 
approaching that of H. lanet. In addition to 
the unique features of H. lanei, males of 
the two species can be distinguished by 
the following characters: H. hesperus has 
the anterior punctures on the scutum 

stronger and more effaced than H. lanei, 
with the scutum also more swollen ante- 
riorly on either side of the median suture 
such that it appears biconvex and the 
punctures of the scutum and scutellum 
are more dense in H. hesperus than H. lanet. 
Halictus hesperus has darker legs, especial- 
ly the coxae and trochanters, which are all 

brown in this species. S6 of H. hesperus has 
a shallow, ill-defined, impressed, glabrous 
area which does not reach the apex of the 
sternum and is separated from the apex 
by a region which is hirsute like the lateral 
areas. Conversely, in H. lanei the impres- 
sion on S6 is deep, with a well defined, 

transverse anterior margin, and it reaches 

the apex of the sternum (Fig. 33). The gen- 
italia also differ between the two species. 
In dorsal view, the gonobase of H. lane is 
% as long as it is wide, whereas in hespe- 
rus, it is less than ¥, as long as wide, and 

is much more rounded; the gonostylus of 
H. hesperus is more quadrate, with a less 

pronounced dorso-basal projection and 
has a stronger swelling ventrally; this spe- 
cies also has denser hair on the dorsally 
recurved part of the gonostylus (compare 
Figs. 36 and 37); and the medially directed 
apico-dorsal projection of the penis valve 
is more pronounced in H. hesperus than in 

H. lanet. 

The hair patch on the fifth sternum of 
the male is reminiscent of a similar feature 
in many species of the subgenus Vestito- 
halictus. However, in Vestitohalictus the 

hair tuft is most commonly found on the 
fourth sternum (Michener, 1978), although 
in some species, such as H. (V.) concinnus 

it is repeated on the fifth sternum (Packer, 

unpublished data). Owing to the pre- 
sumed phylogenetic position of these sub- 
genera and species, it is unlikely that this 
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hair tuft is homologous between the two 
subgenera. 
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(Hymenoptera: Tiphiidae: Thynninae) 
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Abstract—The new genus Dythynnus Kimsey is described from Western Australia based on 

the new species solaris Kimsey and thermophilus Kimsey (type of genus). 

Northern and central Western Australia 

are among the most poorly collected re- 

gions in Australia. A large number of 
thynnine species from this area fail to fit 
into established genera. Although the pre- 
cise relationships between Dythynnus 

Kimsey and other Australian thynnine 
genera remain unresolved, preliminary 

phylogenetic analyses of these genera sug- 
gest that Dythynnus is at least a basal lin- 

eage of a clade containing genera related 

to Iswaroides Ashmead, as discussed by 
Kimsey (1999). This is based upon a num- 
ber of male characteristics including the 

laterally notched transverse pronotal cari- 

na (welt), the epipygium subapically with 
a partial transverse carina, volsella U- 

shaped in cross-section, gonobase narrow- 

ly attached to gonocoxa, and slender penis 

valves. This genus also has the palpal 
brush seen in Chilothynnus Brown. 

Specimens were obtained through ex- 
tensive collecting in Western Australia. 

Both holotypes will be placed in the West- 
ern Australian Museum, Perth. Paratypes 
will be dispersed between the Australian 

National Insect Collection, CSIRO, Can- 

berra, ACT, the Bohart Museum of Ento- 

mology, University of California, Davis, 

USA, and the Western Australian Muse- 
um. The terms hypostomal plate and hy- 
postomal carina are used in the sense of 
Bohart and Menke (1976). 

Dythynnus Kimsey, new genus 

Male.—Body length 6-9 mm. Head: clyp- 
eus narrowly truncate apically, truncation 
round cornered and 1-2 midocellus di- 
ameters across; antennal lobes small, 
closely aligned and rounded, without 
ridge or carina, strongly elevated above 
subantennal sclerite; frons with frontal 

line extending nearly to midocellus; la- 
brum small and apically bilobate; vertex 
without red spot behind hindocellus; basal 

maxillary palpal segment with long, erect 
setae; hypostomal plate extending to outer 

mandibular socket; occipital and hypos- 
tomal carinae narrowly to broadly sepa- 
rated ventromedially; prementum asetose, 
longitudinally grooved laterally; stipes 
with sparse marginal fringe, traversing sti- 
pes at midpoint; flagellomere I 1.5-2 as 
long as broad; flagellomere II 2.5-3 as 
long as broad; flagellomeres without ty- 
loids or with single, often indistinct, sub- 

apical one. Mesosoma: pronotal disk ante- 
rior margin marked by transverse swell- 
ing or broad ridge, without medial or sub- 
lateral indentations or notches; scrobal 
sulcus shallow, extending less than half 
way across mesopleuron; propodeum 
sloping obliquely from metanotum to pet- 
iolar socket; forecoxa globular to flat, me- 

dially setose to asetose; legs unmodified 
except hindtrochanter produced posteri- 
orly into sharp apical angle or tooth. Me- 
tasoma: tergum I about as broad as long, 
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gently convex subapically, sternum I me- 
dially convex; terga I-VI and sterna II-V 

each with subapical transverse sulcus; ter- 
ga I-V each with subspiracular sulcus; epi- 

pygium with thin subapical transverse ca- 
rina or none, with thin to broad apical 

transparent rim; hypopygium narrowly 
triangular with transparent lateral edge. 
Genital capsule (as in Figs. 3-5, 8-10): gon- 

ocoxa dorsoapically lobate; gonobase nar- 
rowly attached to gonocoxa in lateral 
view; paramere apically bilobate or trun- 
cate; aedeagus with long apical loop; vol- 
sella large, U-shaped in cross section, with 
slender inner and outer lobes (as in Figs. 
6, 11); penis valves slender apically. Color: 

black, strongly marked with yellow, or- 
ange and red. 
Female.—Unknown. 
Type species.—Dythynnus thermophilus 

Kimsey, new species. 
Etymology.—The generic name is a non- 

sense combination of letters added to the 
commonly used suffix in this tribe— 
“thynnus’’. The name is assumed to be 
masculine. 

Included species.—Dythynnus solaris Kim- 
sey, new species and Dythynnus thermo- 
philus Kimsey, new species. 

Distribution.—This genus is known from 
two regions in Western Australia, the Stir- 

ling Range (solaris) and 100+ km north of 
Northampton (thermophilus), in the sum- 
mer months of December and January. 

Discussion.—Dythynnus species can be 
immediately separated from other Austra- 
lian genera by the sparse, arcuate stipal 
fringe, occipital and hypostomal carinae 
broadly separated, flagellomeres without 
or with only a single tyloid, laterally 
notched pronotal welt, epipygium with 

broad, polished and impunctate apicome- 
dial area, and basal maxillary palpal seg- 
ments with erect brush-like setae. The 
brushy palpal segments are similar to 
those seen in Chilothynnus Brown. How- 
ever, the closely aligned antennal sockets 
(about 1 midocellus diameter apart), elon- 

gate and narrowly triangular hypopy- 

gium, and arcuate stipal fringe will im- 
mediately separate Dythynnus from Chilo- 
thynnus. 

Dythynnus solaris Kimsey, new species 
(Figs. 1, 3-7, 12) 

Male.—Body length 6-7 mm. Head (Fig. 
1): facial punctation contiguous to 1 punc- 

ture diameter apart, punctures becoming 

larger on frons; vertex with punctures be- 
hind ocelli 1-2 puncture diameters apart; 
clypeal apex 0.2 < greatest width of clyp- 
eus; clypeus greatest width 2.6 length; 
face 1.2X as long as greatest width above 
antennal sockets; midocellus 4.2 midocel- 
lus diameters from nearest eye margin; 

flagellomere I 1.7 as long as broad; fla- 

gellomere II twice as long as broad; fla- 
gellomere III 2.5x as long as broad. Me- 
sosoma: pronotal and scutal punctures 1-2 
puncture diameters apart; scutellar punc- 
tures 2-4 puncture diameters apart; me- 

tanotum nearly impunctate; propodeal 
punctures nearly obscured by dense, fine, 
transverse ridges, smooth and impunctate 
anteriorly; mesopleural punctures 0.5-1 
puncture diameter apart; propleuron con- 
vex and setose; forecoxa convex, covered 

with long setae, setae becoming densest in 

medial patch; Metasoma: terga and sterna 
highly polished, punctures small and shal- 
low, 2-4 puncture diameters apart; epi- 
pygium subapically narrowed with broad 
transparent rim; hypopygium (Fig. 12). 
Genital capsule (Figs. 3-5): paramere broad 
and apically truncate in lateral view, apex 
bending toward midline, dorsally densely 

setose; gonocoxa dorsally broadly bilo- 

bate, dorsal surface depressed sublateral- 

ly; volsella with slender digitate inner lobe 

and broader, acute outer lobe (Fig. 6). Col- 

or: head black, with whitish band along 

eye margin and becoming reddish behind 

vertex; clypeus and mandible whitish; 

frons with short whitish band above each 

antennal socket; occiput and hypostoma 

black; pronotum black, with transverse 

anterior and posterior whitish bands; scu- 

tum and scutellum black, with whitish 
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ye 

7. solaris 
5. solaris 

3. solaris 4. solaris 

6. solaris 

solaris 

ae 

thermophilus 3 9. 10. pe 

thermophilus thermophilus — thermophilus 13. thermophilus 

Figs. 1-13. Dythynnus species. 1, 2, Front view of male face, left antenna not shown. 3, 8, Dorsal view of 

renital capsule. 4, 9, Lateral view of genital capsule. 5, 10, Ventral view of genital capsule, with gonobase 8 : 8 F 8 
removed. 6, 11, Ventral view of volsella. 7, Ventral view of male head, with occipital region not shown. 12, 

13, Dorsal view of metasomal segment VIL, tergum and sternum. 
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medial and lateral spots; metanotum 
black, with whitish medial spot; propo- 
deum black; mesopleuron black, with 

whitish comma-shaped anterior and 
rounded posterior spots; propleuron 
black; forecoxa black, with large medial 
whitish spot and interior black spot (cor- 
responding with tuft of long setae); fore- 
legs red; mid and hindlegs, coxae black 
becoming whitish dorsally, trochanters 
brown, femora red, tibiae red ventrally, 
brown dorsally, tarsi brown; metasomal 
tergum II black, with pale lateral spot; ter- 
ga II-VI reddish brown, becoming darker 
posteriorly, with pale whitish lateral spot; 
terga VII-VIII dark brown to black; ster- 
num II black; sterna IJJ-VII red; sternum 

VII dark brown; wing veins brown, be- 

coming pale basally; wing membrane un- 
tinted. 

Type material.—Holotype 3: 7 km n Stir- 
ling Range, 34°19’S 118°11”E, 23-25 Dec. 
1994, L. S. & R. B. Kimsey, ex Eucalyptus 
flowers, field No. WA122401 (PERTH). 
Paratypes: 1 3d : same data as holotype; 1 
6 : 24 Dec. 1994; 1 3 : 23-26 Dec. 1994; 3 

3 : 24-26 Dec. 1994, field No. WA122305 
(CANBERRA, DAVIS, PERTH). 

Etymology.—The species name means 
“of the sun’’, Latin, masculine; it refers to 

the intense summer conditions when the 
males fly. 

Discussion.—Dythynnus solaris can be 
distinguished from thermophilus by the 
apically truncate parameres, flagellomere 
I less than twice as long as broad, pale, 
whitish markings, and entirely black pro- 
podeum. 

Dythynnus thermophilus Kimsey, new 
species 

(Pigs. 26-11, 13) 

Male.—Body length 6-9 mm. Head (Fig. 
2): face highly polished; subantennal scler- 
ite impunctate; clypeal punctures 3-5 
puncture diameters apart; area between 

antennal socket and eye nearly impunc- 
tate; frons and vertex highly polished, 
punctures 2-8 puncture diameters apart; 

clypeal apex 0.2 greatest width of clyp- 
eus; clypeus greatest width 2.6 length; 
face 1.3-1.4* as long as greatest width 
above antennal sockets; midocellus 2.8 mi- 
docellus diameters from nearest eye mar- 
gin; flagellomere [ 2.2 as long as broad; 
flagellomere II 3x as long as broad; fla- 
gellomere III 3.2-3.5< as long as broad. 
Mesosoma: pronotum, scutum and scutel- 
lum highly polished, punctures 4-8 punc- 
ture diameters apart, becoming denser lat- 
erally; metanotum nearly impunctate; pro- 
podeum impunctate medially, punctures 
1-2 puncture diameters apart laterally; 
mesopleuron highly polished, punctures 
2—4 puncture diameters apart; propleuron 
convex and evenly setose; forecoxa slight- 
ly flattened and nearly asetose in most 
specimens. Metasoma: tergal punctures 
tiny and obscure, 14 puncture diameters 
apart anteriorly, markedly larger and 
denser on tergum VII; sternal punctures 
14 puncture diameters apart; epipygium 
with thin, transverse, subapical carina, 
and narrow, transparent apical rim; hy- 

popygium (Fig. 13). Genital capsule (Figs. 
8-10): paramere strongly bilobate, with 
acute dorsal lobe and elongate digitate 
ventral one, nearly asetose; gonocoxal dor- 
sal lobes broadly rounded, overall appear- 
ing shallowly bilobate dorsomedially; vol- 
sella with long digitate outer lobe and 
much shorter, acute inner lobe (Fig. 11). 

Color: Head yellow, except frons midline 
brown to black in some specimens, and 
black line extending dorsally above anten- 
nal sockets connecting with line forming 
box around ocelli; some specimens with 

brown line extending from posterior eye 
margin and across vertex behind ocelli; 
occiput black; pronotum yellow except 

transverse medial stripe and anterior face; 

scutum black, with large tridentate medial 

spot and yellow laterally; scutellum yel- 

low, with black anterior margin connected 

to sublateral black band; metanotum yel- 

low medially and anteriorly, black later- 

ally; propodeum black, with broadly tri- 

angular yellow medial spot and large 
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comma-shaped lateral yellow spot; pro- 
pleuron black, with large yellow medial 
spot; coxae yellow, with black base; mid 
and forelegs yellow and red, with apical 
tarsomeres brown (tibiae and femora may 
be entirely yellow, and foretarsi yellow in 
some specimens); hindfemur red, yellow 

laterally, hindtibia red, hindtarsomeres 
brown; mesopleuron black, with most or 
all of lateral surface yellow, scrobal sulcus 

marked by black and brown in some spec- 
imens; metasomal tergum II black basally, 
yellow submedially and red posteriorly; 
terga II-VI each red becoming brown 
posteriorly, each with large yellow lateral 
spot or complete yellow band; metasomal 
sterna red, except sternum VIII dark red 
to black; wing veins pale brown, becom- 
ing paler basally; wing membrane untint- 

ed. 
Type material—Holotype 3d: 115 km n 

Northampton, 9 Jan. 1995, 27°27'S 
114°41’E, R. B. & L. S. Kimsey, ex Eucalyp- 
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tus flowers, field No. WA010905 (PERTH). 

Paratypes: 19 3: same data as holotype; 9 

6: 120 km n Northampton, 27°25'S 
114°40’E, R. B. & L. S. Kimsey, ex Eucalyp- 
tus flowers, field No. WA010904 (CAN- 
BERRA, DAVIS, PERTH). 

Etymology.—The name, “‘therme’’, “phi- 
lus’’, means heat-loving, Greek, masculine; 
it refers to the hot summer conditions en- 
countered when the specimens were col- 
lected. 

Discussion.—This species can be readily 
distinguished from solaris by the strikingly 
bilobate parameres, much longer first fla- 
gellomere and bright yellow markings, 
particularly the yellow medial propodeal 
spot. 
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Effects of Parasitism by Banchus flavescens 
(Hymenoptera: Ichneumonidae) and Microplitis mediator 

(Hymenoptera: Braconidae) on the Bertha Armyworm, Mamestra 
configurata (Lepidoptera: Noctuidae)! 

P. G. MASon?, M. A. ERLANDSON, AND B. J. YOUNGS 

Agriculture and Agri-Food Canada, Saskatoon Research Centre, 107 Science Place, 

Saskatoon, Saskatchewan S7N 0X2 

Abstract—The bertha armyworm, Mamestra configurata Walker (Lepidoptera: Noctuidae), is an 

important pest of canola (Brassica napus L. and B. rapa L.) and flax (Linum usitatissimum L.) in 

western Canada. It is the focus of research to develop a management program integrating micro- 
bial and insect parasitoid agents with cultural practices and judicious use of chemical insecticides. 

To develop IPM effectively it is essential to understand the impact of parasitism on feeding activity 

of the host. We studied the effect of parasitism by two solitary koinobiont larval endoparasitoids: 
Banchus flavescens Cresson (Ichneumonidae) is a native parasitoid of M. configurata; and the Eu- 

ropean Microplitis mediator (Haliday) (Braconidae) is a candidate for introduction to enhance the 

biological control effected by B. flavescens. Parasitism by B. flavescens resulted in significantly de- 

creased food consumption and lower biomass production but did not reduce the time that the 

pest would occur in the crop. Host larvae parasitized by M. mediator showed a much greater 

reduction in food consumed, weight gained, frass produced and the host's feeding time compared 
to nonparasitized larvae or those parasitized by B. flavescens. Management strategies should con- 

sider options that would minimize impact on parasitized larvae and introduction of M. mediator 

could benefit integrated management programs for M. configurata. 

The bertha armyworm, Mamestra confi- 
gurata Walker, native to North America, has 
been the focus of studies to determine the 
role of natural control agents for this pest of 
canola (Brassica napus L. and B. rapa L.: Bras- 
sicaceae) and flax (Linum usitatissimum. L.: 

Linaceae), the two most important oilseed 

crops grown in western Canada. Important 
natural control agents of larval stages of the 
bertha armyworm include viral and fungal 
diseases and parasitic wasps and flies (Wy- 
lie 1977, Wylie and Bucher 1977, Arthur and 
Mason 1985, Turnock 1988, Erlandson 
1990). The solitary koinobiont ichneumonid 
Banchus flavescens Cresson is the single most 

' Saskatoon Research Centre Contribution No. 1272. 

> Present address, Agriculture and Agri-food Canada, 

Eastern Cereal and Oilseed Research Centre, Ottawa, 

Ontario, K1A 0C6 Canada. 

important larval parasitoid, occurring in 
more than 90% of bertha armyworm sam- 
pled in years when populations are declin- 
ing (Turnock and Bilodeau 1984, Arthur 
and Mason 1985) yet B. flavescens is unable 
to prevent outbreaks from occurring (Ma- 
son et al. 1998). 

Biologically based pest management 
strategies being developed for the bertha ar- 
myworm include microbial insecticides (nu- 

clear polyhedrosis virus, MacoNPV (Erland- 
son 1990)) and introduction of exotic para- 

sitoids to complement the mortality caused 

by native natural enemies. It is essential to 

understand the impact of parasitoids on the 

host’s feeding activity so that management 
strategies can be developed to minimize the 

impact on parasitoids. 
The solitary koinobiont braconid parasit- 

oid Microplitis mediator (Haliday) has been 
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studied as a candidate for introduction to 
enhance natural biological control of M. con- 
figurata. M. mediator attacks the cabbage 

‘moth, Mamestra brassicae (L.), in its native 

habitat in Europe (Slovak 1985a, 1985b, Jo- 

hansen 1997). It is synchronized with its 
host in both uni- and bivoltine systems. Ar- 
thur and Mason (1986) demonstrated that 
M. mediator will attack and successfully par- 
asitize 1* to 3“ instar bertha armyworm lar- 
vae, although 3" instars frequently repel or 
injure female wasps attempting to oviposit. 
The fully developed parasitoid larva egress- 
es from the host's 4" instar, regardless of the 
instar parasitized (Mason, unpublished) 

while non-parasitized larvae complete 6 in- 
stars and then pupate. 

Evaluation of the impact of candidate 
biological control agents on the target eco- 
system is a necessary component of bio- 

logical control screening projects. An im- 
portant part of this process is to determine 

the effect of the agent on the crop being 
protected. Although idiobiont parasitoids 
normally kill the host immediately (elim- 
inating further plant feeding) koinobiont 

insect endoparasitoids generally do not 
kill immediately and permit feeding by 
the host for at least a short period of time 
after parasitization (Askew and Shaw 
1986, Quicke 1997). Thus, determination of 

the effect of koinobiont parasitism on the 
host’s feeding is an indirect means for de- 
termining the impact of parasitoids on the 
crop being protected. Depending on par- 
asitoid biology, parasitism can reduce 
(Rahman 1970, Guillot and Vinson 1973, 

Brewer and King 1978, Sajap et al. 1978, 

Brewer and King 1980, Parkman and 
Shepard 1981, Shaw 1981, Powell 1989, 
Kumar and Ballal 1992, Ohnuma and Kai- 
noh 1992, Khan 1994, Yang et al. 1994, 

Harvey 1996), increase (Rahman 1970, 
Hunter and Stoner 1975, Byers et al. 1993) 
or have no effect on (Brewer and King 

1981) feeding by lepidopteran host spe- 
cies. Parasitoids that elicit decreased feed- 
ing by the host reduce potential damage 
to the crop in addition to removing the 

JOURNAL OF HYMENOPTERA RESEARCH 

host from the reproductive pool for sub- 
sequent generations. 

The application of insecticides for con- 
trol of bertha armyworm usually takes 
place during the pod development stage 
of canola, when the larvae are in the 5" 
and 6'* instars. The decision to apply in- 
secticides is based on evidence of real or 
potential (often visibility of larvae) crop 
damage. Because insecticides may have a 
negative impact on adult and larval par- 
asitoids, understanding parasitoid biology 
is important to develop sound pest man- 
agement strategies. Arthur and Mason 
(1985, 1986) showed that B. flavescens and 
M. mediator oviposit in 1* to 3 instar ber- 
tha armyworm which are inconspicuous 
and feed on canola leaves before pods de- 
velop. Because no control measures are 
taken during these life stages of the pest, 
adult B. flavescens and M. mediator are not 
exposed to insecticides when they are 
searching in the foliage of the canola crop. 
Further, they are unlikely to be present 
when insecticides are applied during the 
5 and 6" larval instars because the pre- 
ferred instars for oviposition are not pres- 
ent. In contrast, parasitized host larvae 
may still be present when insecticides are 
applied. For example, parasitoid species 
that prolong development of the host by 
increasing or making no difference in the 
amount of food consumed by the pest are 
more likely to be indirectly exposed to and 
negatively impacted by control measures 
such as chemical insecticides that kill on 
contact and are usually used against ma- 
ture larvae. Parasitoid species that reduce 
food consumption are less likely to be af- 
fected because they tend to shorten the life 
of the host and reach a life stage (i.e. form 
protective cocoons) in which insecticides 

may not kill them. Thus, the impact of 

parasitism on the host’s feeding may affect 
plans for biological control introductions 
in integrated pest management (IPM) pro- 

grams (Hunter and Stoner 1975). In this 

study we assessed the effect of parasitism 

by the native ichneumonid B. flavescens 
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and the exotic braconid M. mediator on M. 
configurata growth and food consumption. 

MATERIALS AND METHODS 

Hosts used in the experiments were 
from a M. configurata colony maintained 
on. artificial diet (Bucher and Bracken, 
1976). Parasitoids used in the experiments 
were derived from populations collected 
in Saskatchewan, Canada (B._flavescens) 
and central Switzerland (M. mediator). The 

B. flavescens females used in the experi- 
ments were reared from overwintered co- 
coons collected in the spring and main- 
tained at 21+1°C and 16:8 L:D. The M. 
mediator was maintained in laboratory cul- 
ture on M. configurata (Arthur and Mason, 
1986). All plants used were canola, Bras- 
sica napus L. variety Westar. All experi- 
mental individuals were maintained at 
Zea Cand 16:8:.L.:D; 

For each of the experimental trials (3 for 
B. flavescens and 4 for M. mediator), 30 2nd 
instar larvae from the same egg mass were 
selected. The larvae were divided into 
three groups of 10 and individuals of each 
group weighed. Whole canola leaves (ap- 
proximately 7 < 6 cm) clipped at the pet- 
iole from growth cabinet grown plants 
were used in all food offerings and dry 
weight determinations. Larvae of one 
group were placed in individual 52mm di- 
ameter X 21mm deep petri dishes contain- 
ing a canola leaf on moistened filter paper 
in 45 mm diameter petri dishes. Larvae of 
a second group were individually parasit- 
ized (under observation) by B. flavescens or 
M. mediator and placed on canola leaves in 
the manner described above. The third 
group of larvae were individually 
weighed (wet weight) with a Mettler an- 
alytical balance (Model AG245), frozen, 

dried (48 h @ 60°C), and then individually 
weighed (dry weight). The larvae were 
weighed and given fresh leaves at inter- 
vals (2-4 day) during each trial. The fresh 
weight of each leaf disc was recorded be- 
fore introduction into the petri dish. Fresh 
and dry weights (48 h @ 60°C) were re- 

2 
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corded separately and dry weight ratios 
(dry weight ~ initial fresh weight) were 
calculated. The frass produced by each 
larva was collected at the end of each 
feeding period and stored in a plastic petri 
dish. The pooled amount for the experi- 
mental period was dried (48 h @ 60°C) and 
weighed. Similarly the fresh:dry weight 
ratios were determined for all larvae after 
parasitoid egression for parasitized indi- 
viduals and at pupation for non-parasit- 
ized larvae. 

Nutritional indices were initially con- 
sidered (Waldbauer 1968, Kogan 1986), 

but Schmidt and Reese (1986) pointed out 

that these indices can be misleading due 
to the error introduced during initial mea- 
surements of dry matter of the food 
source, quantity of food eaten, and the 
weight of feces produced. These errors ac- 
cumulate and are amplified in the calcu- 
lation of the nutritional indices (Rauben- 

heimer and Simpson 1992). Van Loon 

(1991) describes more precise techniques 
including indigestible markers, elemental 
budgets, planimetry, and respirometry. 
Thus, we calculated only: 

Food consumption (F) = [(Mean Dry Weight 
of Control Food Portions/Mean Wet 
Weight of Control Food Portions) x Ini- 
tial Wet Weight of Food Portions] — 
Dry Weight of Food Portions after feed- 
ing; 

Total Food Consumed (TC) = ix"F, where n 

is the number of feeding intervals (to 
parasitoid egression or host pupation); 

Total Dry Weight Produced (DWT) = Dry 

Weight at host pupation or parasitoid 
egression (host + parasitoid) — Mean 
Dry Weight (of control group) at the be- 

ginning of the experiment 

The B. flavescens data were analysed us- 

ing analysis of variance (Proc GLM, SAS 

1992) to determine if parasitism signifi- 
cantly affected the variables measured. 

The effects of parasitism by M. mediator 
were so obvious that statistical analyses 
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Table 1. Mean value for development time (days)(DT), total dry weight (mg)(of pupa or parasite larva + 

larval skin produced)(DWT), total mg dry weight of frass produced (Frass), and total mg dry weight consumed 

(TC) for non-parasitized and B. flavescens-parasitized M. configurata. 

Trial #1 Trial #2 Trial #3 Pooled 

Index NP P NP 3 NP P Mean SEM 
oOo 

DT 21.4* Zl 192 19:5 20.1 Zi 20.3 0,2 

DWT 83.2 32.8? Die 32.3" 80.2 46.7° 53.3 3) 
Frass 142.9 173 185 127.0" 138 166.9 148.2 6.1 
TC d153 318.9: 406.5 228.4? 371 297.6 334.9 12.6 

*approximate standard error of the mean for a trial mean can be obtained by multiplying the pooled SEM by 1.7 
For each trial significant differences owing to parasitism are indicated by: * = (P < 0.001), = (P < 0.01), 

© = (P < 0.1). 

were not necessary (a non-parametric test 

could have been used). 

RESULTS 

Banchus flavescens.—In all experimental 
trials, nonparasitized (NP) M. configurata 
larvae consumed significantly more food 
and gained significantly more weight than 
did parasitized (P) larvae (Table 1). There 
was no significant difference in the num- 
ber of days required to complete devel- 
opment. From the beginning of the trial it 
took M. configurata 18-24 days to develop 
to the pupal stage and development of B. 
flavescens from oviposition to larval egres- 
sion was completed in 19-24 days. How- 
ever, in spite of minor differences among 
trials on some dates, overall the only var- 
iable which showed a significant trial < 
treatment interaction, that is differences in 
pattern from trial to trial, was the dry 
weight of frass produced. 

While Fig. la and b are representative 
of the patterns observed in all three trials, 
owing to individual variability within tri- 
als (especially because some values were 
much higher or lower than all others in a 
group) differences in weight and food 
consumed by the parasitized and non-par- 
asitized groups were not always consis- 
tent, on specific dates, from trial to trial. 
Consumption of food peaked at 14-18, 16— 
19 and 11-14 days in trials 1-3, respec- 
tively. Food consumption declined mark- 
edly after the peak, coinciding with the 
beginning of the prepupal stage in non- 
parasitized hosts and the pre-emergence 
period of the parasitoid. 

Microplitis mediator.—In all experimental 
trials non-parasitized (NP) M. configurata 
larvae consumed dramatically more food, 
gained much more weight and produced 
much more frass than did parasitized (P) 
larvae (Table 2). Feeding and develop- 

Table 2. Mean value for development time (DT), total dry weight (of pupa or parasite larva + larval skin 

produced (DWT)), total mg dry weight of frass produced (Frass), and total mg dry weight consumed (TC) 

for non-parasitized and M. mediator-parasitized M. configurata. 

Trial #1 Trial #2 Trial #3 Trial #4 Pooled SE 

Index NP EF NP P NP P NP P NP 1e2 

DT 21 12 21 11.4 PAI 123 21 11 0 0.2 

DWT 67.6 2.8 62.4 | 77.8 3.8 81.2 216 4.2 0.02 

Frass 182.6 Dall 209 4.5 16] 7 213 1227 8.3 0.1 

LC 402 13 593 82 294 31 356 47.6 26.1 13:9 

“approximate standard error of the mean for a trial mean can be obtained by multiplying the pooled S.E.M. 
by 2.0. 
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ment to the pupal stage of non-parasitized 
M. configurata reared from neonate larvae 
at 21+1°C takes 21-25 days (unpublished 
data). Parasitized larvae ceased to con- 

sume food, once M. mediator larvae 
egressed and formed cocoons (11—14 days 
after parasitism), a markedly shorter pe- 
riod than the food consumption period for 
non-parasitized M. configurata larvae. 

Non-parasitized larvae weighed and 
consumed significantly more beginning 4— 
8 and 8-11 days, respectively, after trials 
were initiated. The trends represented in 
Figure 2a and b for trial #1 were typical. 
For non-parasitized larvae consumption of 
food and larval weights peaked 15-17, 13- 
15, 11-13, and 13-15 days after parasitism 
in trials 14, respectively. Both consump- 
tion and weight declined after this peak, 
coinciding with the beginning of the pre- 
pupal stage. For parasitized larvae, larval 
weight did not increase beginning 4-8 
days after the trials were initiated. Food 
consumption showed only a small in- 
crease in trial #2, while actually decreasing 
in the other three trials beginning 0-4 days 
after trials were initiated. In all trials food 
consumption by parasitized larvae ceased 
by day 13, 7 days before non-parasitized 
larvae ceased feeding. 

DISCUSSION 

Synchronization of the completion of 
larval development of B. flavescens and M. 
configurata is consistent with results by 
Slovak (1987) for another Banchini, Exes- 
tastes cinctipes Retzius (Hymenoptera: Ich- 
neumonidae), parasitizing M. brassicae. He 
found that at 20°C development to para- 
sitoid cocoon formation took 25.3—26.6 
days while non-parasitized larvae took 
26.4-26.7 days to form pupae. These de- 
velopment times are 5-6 days longer than 
those we observed at 21.0 + 1.0°C for B. 
flavescens parasitizing M. configurata. Slo- 
vak (1987) also noted that at 20 or 24°C 
parasitized host larvae entered the soil 
significantly earlier (2.1-3.0 and 3.5-3.9 
days, respectively) than non-parasitized 

larvae. Although we did not study this be- 
haviour, it may also occur in the B. flaves- 
cens/M. configurata parasitoid/host sys- 
tem because, as reported by Arthur and 
Mason (1985), the parasitoid forms a co- 

coon in which it overwinters within the 
earthen cell formed by the host larva just 
before being killed. 

That parasitism by B. flavescens signifi- 
cantly reduced the total amount of food 
consumed by M. configurata (20-44%) is 

reflected in the fact that parasitized larvae 
produced significantly less (39.4-58.2%) 
dry protein matter than non-parasitized 

larvae. Although not directly comparable, 
these results are similar to findings for sol- 
itary koinobiont Campoplegine species at- 
tacking Lepidoptera (Khan 1994, Kumar 
and Ballal 1992, Yang et al. 1994, Doucet 
and Cusson 1996). Only Doucet and Cus- 
son (1996) measured frass production, and 

found that non-parasitized larvae pro- 
duced 38% more frass than parasitized lar- 
vae. In contrast, about 10% more frass was 
produced by non-parasitized than parasit- 
ized larvae in two of three trials and 10% 
less in the third trial in our study. It is not 
clear why frass production by parasitized 
larvae in one of our three trials was great- 
er than for nonparasitized larvae. 

Development of M. mediator to egres- 
sion took 11-14 days, about 1/3 less time 
than for B. flavescens. Egression of mature 
M. mediator larvae occurs just after the 
host molts to the 4" larval instar even if 
parasitized in the 3" instar and, as noted 
by Shaw and Huddelston (1991) for other 
Microplitis spp., the cocoon is formed be- 
neath the host which remains alive for 
several days without feeding (Mason, un- 
published). Behavioral modification of M. 
configurata hosts by mature larval M. me- 

diator parasitoids has been observed in the 
laboratory (Pivnick 1993). Parasitized host 

larvae moved to the leaf litter and senes- 

cent leaves that become part of the litter 

where parasitoid pupation took place. 
This was confirmed in the field where co- 
coons successfully overwintered (Mason, 
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unpublished). In both situations very few 
parasitoid cocoons were found on stand- 
ing plant parts that are harvested. 

Parasitism of M. configurata by M. me- 
diator clearly had a greater impact on the 
amount of food consumed by the host 
than parasitism by B. flavescens (Figs. 1b 
and 2b). The results observed for M. me- 

diator are consistent with those observed 
for solitary koinobiont Microgastrinae 
Braconidae parasitoids attacking Lepidop- 
tera in other systems (Rahman 1970, Sajap 

et al. 1978, Parkman and Shepard 1981, Ta- 

naka et al. 1984, Powell 1989). In contrast, 

Lepidopteran hosts parasitized by at least 
some gregarious koinobiont Braconidae 
and polyembryonic Encyrtidae species 
consume significantly more than non-par- 
asitized hosts and take longer to develop 
(Rahman 1970, Hunter and Stoner 1975, 

Gobbi et al. 1993, Byers et al. 1993). 
The decrease in feeding and weights af- 

ter a maximum peak is reached (Figs. 1 
and 2) is linked to cessation of feeding and 
gut evacuation associated with prepupal 
development in non-parasitized larvae, 
and probably to cessation of feeding by 
parasitized larvae which move to the leaf 
litter (M. mediator, see Pivnick 1993) or 

form earthen cells (B. flavescens, see Arthur 
and Mason 1985) where they complete de- 
velopment and pupate. The different 
times to peak weights and consumption 
between trials may be related to differenc- 
es in food quality, although the same plant 
variety, growing conditions, and leaf type 

were used in each trial. Genetic differenc- 
es between cohorts of M. configurata and / 
or the parasitoid species may also have 
caused this variation. 

The variability (i.e. large standard er- 
rors) observed, particularly on measure- 
ments made on day 13 or later (Figs. 1 and 
2), may be associated with unexplained 
mortality during the experiments, differ- 
ences between sexes, or stochastic effects 
because of the relatively small numbers of 
experimental individuals (n ranged from 
5-9 and 7-9 for non-parasitized and par- 
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asitized hosts in the B. flavescens trials and 
from 10 and 4~9 for non-parasitized and 
parasitized hosts in the M. mediator trials). 
The genetic diversity of individuals (even 
though hosts were from the same egg 
mass and parasitoids from the same fe- 
male) may have also been a factor. 

Natural controls, including parasitoids, 

have a major impact on bertha armyworm 

populations (Mason et al. 1998) and IPM 
programs should be developed around 
them. Chemical insecticides are used 
when 5" and 6" instar larvae are present 
on ripening canola pods (their feeding ac- 
counting for more than 86% of total larval 
consumption). Wylie and Bucher (1977) 
reported that B. flavescens, like bertha ar- 
myworm, is univoltine. Although M. me- 
diator is bivoltine through most of its 
range in Eurasia where M. brassicae is also 
bivoltine, Johansen (1997) found it in a 
univoltine M. brassicae population in Nor- 
way (although Pivnick [1993] showed that 
M. mediator will diapause, further study is 
needed to determine if it would be uni- 
voltine on bertha armyworm). Adult B. 
flavescens and M. mediator are not likely to 
be affected by current chemical control 
practices because they attack early (1° to 
3™) instar larvae and would disappear 
from the crop before 5'" and 6" instar lar- 
vae are present. Even if M. mediator proves 
to be bivoltine in western Canada adults 
would probably move out of the canola 
crop seeking alternate hosts in adjacent 
habitats because no bertha armyworm in 
the appropriate stages would be available. 

Bertha armyworm larvae parasitized by 
B. flavescens feed until they reach the 6" 
instar; thus the parasitoid would be neg- 
atively impacted by insecticides because 
the susceptible host is present in the crop 
being sprayed. Also, the parasitized larvae 

continue to feed (causing crop damage) 
during pod development and the benefits 
of parasitism by B. flavescens are only ev- 
ident the following year. In contrast, M. 
configurata larvae parasitized by M. medi- 
ator have ceased to feed (and consumed 
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Fig. 1. Effect of parasitism (Trial #1) by B. flavescens on M. configurata: a) Mean fresh weight (+SEM) of 

parasitized and non-parasitized Mamestra configurata larvae; b) Mean food consumption (+SEM) by parasitized 

and non-parasitized Mamestra configurata larvae. 

<20% of the total consumption of non- 

parasitized larvae) by the time non-para- 
sitized 4'" instar larvae are present, before 
the switch to feeding on canola pods by 
later instar larvae. Further, M. mediator 

have formed cocoons and would likely be 

only minimally affected by insecticides 
used on 5'* and 6' instar M. configurata, 
although this needs to be confirmed. 
Therefore, M. mediator appears to be a 
good candidate agent for use in the IPM 
of M. configurata because: 1) damage to the 
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Fig. 2. Effect of parasitism (Trial #1) by M. mediator on M. configurata: a) Mean fresh weight (+SEM) of 

parasitized and non-parasitized Mamestra configurata larvae; b) Mean food consumption (+SEM) by parasitized 

and non-parasitized Mamestra configurata larvae. 

host plant by parasitized larvae occurs 
when foliage is abundant and ceases be- 
fore pod development begins; and 2) it 
should be compatible with other control 

agents such as chemical or biological in- 
secticides targeted at 4" to 6"" instar bertha 
armyworm which are applied after M. me- 
diator has eliminated a portion of the pest 
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population. Caged field release studies are 
needed to verify these hypotheses. 

The results obtained in this study sug- 
gest that for M. configurata parasitism by 
B. flavescens results in significantly de- 
creased consumption of food (and proba- 
bly less damage to canola crops) resulting 
in lower biomass production but does not 
reduce the length of time that the pest 
feeds in the crop and parasitism by the 
braconid M. mediator causes a significant 
reduction in the amount of food con- 
sumed and the length of time the host 
feeds compared to non-parasitized M. con- 
figurata. Parasitism and the findings pre- 
sented here should be taken into consid- 
eration when developing integrated pest 
management strategies for the bertha ar- 
myworm. 
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Abstract—The entomofauna linked to native flora in and around citrus groves was studied in 

Italy and Jordan in order to find alternative hosts of eulophid parasitoids of the Citrus Leafminer 
(CLM), Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae). Twenty new associations (12 in 

Italy, 8 in Jordan) among native and exotic CLM parasitoids and leafminers were found. Two 
new alternative hosts were recorded for Citrostichus phyllocnistoides (Narayanan) (an unidentified 

Nepticulidae on Pistacia lentiscus L. and Stigmella sp. on Rubus ulmifolius Schott, in Sicily and 

Jordan respectively) and 1 for Cirrospilus ingenuus Gahan (Agromyzidae on Salix sp., in Jordan). 

Five new alternative hosts were recorded for Semielacher petiolatus (Girault) (in Sicily Liriomyza sp. 

on Mercurialis annua L., Chromatomyta horticola (Goureau) on Sonchus spp., Cosmopterix pulchrimella 

Chambers on Parietaria diffusa M. et K., and Stigmella aurella (Fabr.) on Rubus ulmifolius Schott; in 

Jordan, Dialectica scalariella Zeller on Echium sp.). The other 12 new associations of CLM parasitoids 

with leafminers found in both countries include Neochrysocharis formosa (Westwood) (4 new hosts), 

Cirrospilus variegatus (Masi) (5 new hosts), Ratzeburgiola incompleta Boucek (1 new host), Ratzebur- 

giola cristata (Ratzeburg) (1 new host), and Asecodes delucchii (Bouéek) (1 new host). Data reported 

here suggest that native vegetation harbours alternative hosts for both native and exotic parasit- 
oids. They also underline that more attention should be paid to the understanding of ecology and 
biology of parasitoid species in order to use appropriate exotic enemies in biological control, 

preserving at the same time indigenous parasitoid communities. 

The Citrus Leafminer (CLM), Phyllocnis- 

tis citrella Stainton (Lepidoptera: Gracillar- 
iidae), is presently considered to be a se- 

rious threat to young citrus trees in the 
Mediterranean region and other countries, 

where it has expanded its range in the last 
seven years. The CLM attacks new leaves 
causing a loss of photosynthetic area. Sem- 
lelacher petiolatus (Girault), Citrostichus 
phyllocnistoides (Narayanan) and Cirrospi- 
lus ingenuus Gahan (Hymenoptera: Eulo- 
phidae) are considered among dominant 
natural enemies of CLM in its original 
range (India and South Asia) and in Aus- 

tralia (Smith et al. 1997, Schauff et al. 1998). 

Eulophid parasitoids have been selected 
for biological control programmes against 

CLM in many countries and in some case 

also have been recovered in neighbouring 
countries (Schauff et al. 1998). 

Native plants are an important source of 
biological diversity in agroecosystems and 
are known to harbour natural enemies of 

phytophagous pests of cultivated plants, 
supplying alternative food, refuges and 
hosts (McMurtry and Johnson 1965, Pow- 

ell 1986, Altieri 1991, Ragusa Di Chiara 
1991). They provide a diverse source of 

food for many species of polyphagous nat- 

ural enemies, which in turn may parasit- 
ize phytophagous insects of cultivated 
plants in seasons when they are abundant. 

Studies of phytophagous insects are of- 
ten directed at species attacking cultivated 
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plants and, less so, species feeding on na- 
tive ones; thus our knowledge of the hosts 
of parasitoids on cultivated plants is ex- 
tensive, whereas we have only scattered 
data on the alternative hosts available to 
these parasitoids on native plants. Preser- 

vation of these reservoirs of antagonists 

may prove valuable when parasitoids uti- 
lize hosts that are not pests of cultivated 
plants, and when biological control de- 
pends on multiple natural enemy species, 
as in the case of the CLM. 

The present study is part of a research 
project examining the entomofauna of na- 

tive flora carried out in 11 citrus orchards 

of Sicily (Italy), the results of which were 
partly published (Caleca et al. 1997, Mineo 
et al. 1997a, 1997b, Caleca 1998, Caleca et 
al. 1998, Mineo and Sinacori 1998, Rizzo et 

al. 1999, Massa and Rizzo 2000). Some 

new findings are presented that highlight 
interesting relationships between CLM 
parasitoids and their non-pest hosts ex- 
ploiting native plants. 

MATERIALS AND METHODS 

Native floras associated with citrus 
groves in Sicily (Italy) have been studied 
in detail by Raimondo et al. (1979); they 

amount to about 200 species involving 
mainly herbs and shrubs. During the four 
years of our research project (1997-2000), 
we collected about 40 of the most common 
species belonging to this flora, and about 

10 belonging to riverine flora sometimes 
occurring in the neighbouring areas of cit- 

rus orchards in Sicily. About 250 g of each 
plant species were collected monthly 
along at least two perpendicular transects 
inside 11 citrus groves and along their pe- 
rimeter. Leaves infested by miners were 

placed in Petri dishes with wet paper at 
25° C, 65% r.h. and L14:D10. All phytoph- 
agous species and parasitoids that 

emerged were mounted and _ identified. 
Further samples were gathered by the se- 
nior author during a research trip to Jor- 
dan between 21 and 29 May 1999 in the 
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following localities: Al Bahhath (Amman), 
Aqaba and Dana Village. 

RESULIS 

In Sicily, 40 host-parasitoid associations 
involving phytophages of native plants 
and antagonists of CLM were already 
known (Caleca et al. 1997, Mineo et al. 

1997a;, 1997b,. Caleca 1998,#Caleea: ef ql. 
1998, Mineo and Sinacori 1998, Rizzo et al. 
1999, Massa and Rizzo 2000). They are list- 
ed in Fig. 1 together with the 12 (Italy) and 
8 (Jordan) associations, previously unno- 
ticed, recorded in the present paper. Data 
for new records are reported in Table 1. 

The parasitoids we found on indige- 
nous leafminers belong to two quite dif- 
ferent kinds: exotic CLM biological control 
agents (i.e., Semielacher petiolatus, Citrostt- 
chus phyllocnistoides and Cirrospilus ingen- 
uus), which possibly have switched over 
onto indigenous hosts after their introduc- 
tion or immigration, and native parasit- 
oids, which in turn have switched over 
onto the invading CLM. Among the latter, 
some (i.e., Neochrysocharis formosa (West- 
wood), Ratzeburgiola incompleta Boucek 
and Pnigalio soemius (Walker)) are quite 
common on indigenous hosts in Sicily 
(Fig. la), while three of them (i.e., Digly- 
phus tsaea (Walker), Ratzeburgiola cristata 

(Ratzeburg) and Cirrospilus variegatus 
(Masi)) have not yet been recorded on 

CLM in the island, although they have 
been reported on this host in other coun- 
tries (Schauff et al. 1998). It should be 
pointed out that, even if their parasitiza- 
tion does not always reach relevant val- 
ues, most CLM parasitoids engage in host- 
feeding which contributes additional mor- 
tality. For example in Algeria Guenaoui 
and Dahliz (1997) attributed as much as 
20-50% of CLM larval mortality to host- 
feeding and in Sicily it may approach 15% 
(pers. obs.). 

Among the eight new host-parasitoid as- 
sociations reported from Jordan (Fig. 1b), 

five concern eulophids (S. petiolatus, N. for- 
mosa, C. phyllocnistoides and C. ingenuus) 
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Plants Phytophagous insects 

a) Sicily 

Eulophids known to attack 

Phyllocnistis citrella 

Sonchus (3 spp.) eee Chromatomyia horticola_(Goreau) 

|__Reichardia picroides (L.) he 
Neochrvsocharis formosa (Westwood)'’ 

Urtica_(2 spp.) Agromyza hiemalis Becker 

Mercurtalis annua L Liriomyza_sp 

___Chrysocharis pentheus (Walker) 

Beta vulgaris Scaptomyza pallida (Fallen) 

Smyrnium_ (2 spp.) Euleta heraclei (LL. ) 

Dialectica scalariella Zeller 

KAKKKKRK 

Lit 
Borago officinalis 

Atriplex rosea_L Chrysoesthia drurella_(F.) 

Dygliphus tsaea_ (Walker)* 

Semielacher petiolatus (Girault) 

Chrysoesthia sexguttella_(Thunberg) _ Ratzeburgiola incompleta_Boucek 

Partetaria (2 spp.) Cosmopterix pulchrimella Chambers 

Chenopodium album : a 

Lathyrus pratensis Lirilomyza_congesta (Becker) Ratzeburgiola c ristata ( Ratzeburg)* 

Rubus ulmifolius Schott Stgmella aurella_(¥ ) 

Olea europaea \. var Whe Bactrocera oleae (Gmel ) Pnigalio soemius (Walker)? 

svivestris Brot 

Celtis australis L Phyllonorveter milleriella_ (Staudinger) _k€--~ Pnigalio agraules (Ww alker) _ 

Pistacia lentiscus_L unidentified Nepticulidae 

Viburnum tinus L Phyllonoryeter lanthanella_(Hubner) Cirrospilus variegatus (Masi)* 4 

Leucoptera malifoliella (Costa) | Crataegus monogyna_Jacq_ [~~~ 

Ulmus_ sp amie Sugmella_sp Cirrospilus Iyncus Walker 

bee Phyllonorveter corvlifoliella_(Schrank) 
Cirrospilus diallus Walker 

Crrrospilus pictus (Nees) 

Salix pedicellata Dest €--- aks 7 Phyllonorveter dubitella (H.-S.) 

ay Stigmella_ sp 

Salix alba L te aes Phyllocnistis saligna_ (Zeller) 

par Japanagromyza salicifoli (Collin) 

Phyllocnistis labyrinthella_(Byerk ) 

Populus nigra_L Phyllocnistis unipunctella (Stainton) 

Cutrostichus phyllocnistoides (Narayanan) _| 

Caloptilia stigmatella_(F.) Apotetrastichus postmarginalis_(Boucek) 

Stugmella trimaculella (Haworth) 

Messa hortulana_ Klug 

Semtelacher petiolatus 

Neochrysocharis formosa 

Crrrospilus variegatus ** 

Cutrostichus phyllocnistoides 

Ratzeburgiola incompleta** 

b) Jordan 
Echium_ sp — | Dialectica scalariella 

Matthiola incana_ (L.) ic Liriomyza bryoniae_(Kaltenbach) 

Chrozophora tinctoria (L.) ~~~ unidentified Nepticulidae 

Rubus ulmifolius << — Sugmella_ sp 

Salix sp ees unidentified Agromyzidae __ Asecodes delucchi_(Boucek)** 

<< New records 

Cirrospilus ingenuus Gahan 

<--- Known records, parasitoid-host relationships after Caleca et al. 1997, Caleca 1998, Caleca & Lo Verde 1998, Caleca et al 1998, Mineo et al. 1997a, b, 

Mineo & Sinacori 1998, Rizzo et al. 1999, Massa & Rizzo (2000) 

Scaptomyza pallida 

Japanagromyza salicifolit 

Species recorded in other Mediterranean areas on P. citre/la, but unrecorded on this host in Sicily 

Species recorded in other Mediterranean areas on P. citre//la, but unrecorded on this host in Jordan 

This species was recorded by Caleca et al (1997) on Beta vulgaris ex Scaptomyza sp., after collecting new material this host has been identified as 

This species was recorded by Caleca (1998) on Salix alba ex unidentified Agromyzidae, after collecting new material this host has been idenufied as 

Fig. 1. Associations between eulophid parasitoids of Phyllocnistis citrella and other phytophagous insects ex- 

ploiting native plants in citrus groves in Sicily, Italy (a) and Jordan (b). 

known to attack CLM in the country 
(Schauff et al. 1998, Mineo 1999). C. varie- 
gatus, R. incompleta and A. delucchti (Bou- 
cek) have been recorded as CLM parasit- 
oids in other countries of the Mediterra- 
nean Basin, but until now have been 

found only on native plants in Jordan, al- 

though this may be due to the paucity of 
information on CLM in this country. Some 
details on the new findings are reported 
below. 

Semielacher petiolatus (Girault) 

Originally described from Australia, S. 
petiolatus has also been reported from the 

Solomon Islands (Boucek 1988, Schauff et 
al. 1998). It was introduced to Oman, Sy- 
ria, Israel, Egypt, Cyprus, Greece, Turkey, 
Tunisia and Morocco (Michelakis 1997, 

Argov and Rossler 1996, FAO 1996, Nia et 

al. 1997, Réssler and Argov 1997, Hamed 
et al. 1999); it spread spontaneously in It- 
aly, Algeria and Jordan (Mineo et al. 1998, 

Schauff et al. 1998, Mineo 1999). Before be- 

ing reared from Agromyza hiemalis Becker 
(Diptera: Agromyzidae) (Massa and Rizzo 
2000), the only host previously known for 
this species was the CLM (Schauff et al. 

1998), and, from 1998 onwards, it became 

one of the most important parasitoids of 
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this pest in Sicily (Caleca et al. 1998, Mineo 

and Mineo 1999a). The five new hosts list- 

ed in this paper (Table 1), comprising 
three Lepidoptera (Cosmopterigidae, Nep- 
ticulidae and Gracillariidae) and two Dip- 

tera (Agromyzidae), are widespread in the 

Mediterranean region. 
It should be noted that this species ap- 

peared in Sicily on Chromatomyia horticola 
(Goureau) (Diptera: Agromyzidae) about 
one year after its release in 1996 in Tunisia 
(FAO 1996). The availability of alternative 
hosts that provide refuge and food for S. 
petiolatus during seasons of low CLM pop- 
ulation density, could partly explain the 
quick spread and establishment of this 
species, both in countries where it has 
been released and in neighbouring sites 
(Caleca et al. 1998, Schauff et al. 1998, Mi- 
neo and Mineo 1999a). 

Citrostichus phyllocnistoides (Narayanan) 

This species is known from Afghani- 
stan, China, India, Indonesia, Japan, 

Oman, Pakistan, Taiwan, Thailand, 

South Africa, Sudan, Swaziland (Boucek 
1988, FAO 1996, Schauff et al. 1998), and 

has been introduced to Cyprus, Greece 
and Italy (Sicily) (Michelakis 1997, FAO 
1996, Mineo and Mineo 1999b), and Aus- 

tralia and Israel (where it is not consid- 

ered established) (Smith et al. 1997, Ar- 
gov and Rossler 1996). It probably 
spread to Jordan from Israel (Mineo 
1999). Although recorded as a parasitoid 
of the CLM (Boucek 1988, Ujiye and 
Adachi 1995, Wu and Lin 1998), it also 

has been reported to parasitize the 
nymphs of Trioza obsoleta Buckton (Ho- 
moptera: Psyllidae) a gall former on Di- 
ospyros melanoxylon (Roxb.) (Dash and 

Das 1997). Our records concern two ad- 

ditional Lepidoptera (Table 1); according 

to Nieukerken (pers. comm.) the mines 

on Rubus ulmifolius Schott found in Jor- 

dan belong to a Stigmella species (Nep- 
ticulidae), possibly Stigmella aurella 
(Fabr.), a previously unrecorded host for 

this parasitoid. 
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Cirrospilus ingenuus Gahan 

Also known as its synonym C. quadris- 
triatus (Subba Rao and Ramamani), this 

species has been recorded from Austra- 
lia, China, India, Indonesia, Japan, Ma- 

laysia, Oman, Taiwan, Thailand (Smith 
et al. 1997, Schauff et al. 1998), and intro- 
duced to Cyprus, Turkey, Israel, Syria, 
Egypt, Tunisia, Morocco, Florida and 
Mexico (Argov and Rossler 1996, FAO 
1996, Perales-Gutierrez et al. 1996, Ha- 
med et al. 1999, LaSalle et al. 1999). It has 
also spread to Jordan and North Egypt, 
probably from other countries of the 
Mediterranean Basin (Schauff ef al. 1998). 
It is generally considered to be a domi- 
nant parasitoid of P. citrella (e.g., Thai- 
land, Taiwan and Japan: Ujiye et al. 
1996), but also has been recorded as a 

parasitoid of Rhynchaenus mangtferae 
Marshall (Coleoptera: Curculionidae) in 

India (Peter and Balasubramanian 1984). 

Agromyzidae previously has not been 
recorded as a host for this parasitoid. 

Cirrospilus variegatus (Masi) 
Cc 

Also known as its synonym Zagrammo- 
soma variegatum, it occurs in the Mediter- 
ranean Region, North and East Africa, 
Central and South Asia, West Indies (Bar- 

bados), Australia and New Zealand (Bou- 

cek 1988; Yefremova 1996). This species 
was described from Italy by Masi (1907), 
as parasitoid of Metriochroa latifoliella (Mil- 
liere) (Lepidoptera: Gracillariidae). It is 
also known to parasitize many species of 
small leaf-mining Lepidoptera (Boucek 
1988, Yefremova 1996) and the CLM in 

Libya, Spain and Turkey (Schauff ef al. 
1998). During this study it was found on 
two Nepticulidae leafminers and on three 
Diptera (one Tephritidae and two Agro- 
myzidae) (Table 1), all previously unre- 

cognised as hosts. 

Ratzeburgiola incompleta Boucek 

Recorded from central Europe and 
many countries of the Mediterranean Ba- 
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Table 1. 

collected in Italy and Jordan. 
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List of new host records for Eulophidae emerged from leafminers reared from native plants 

Eulophid Host species Host plant Data Sex 

Semuelacher petiolatus Chromatomyta horticola | Sonchus spp. Italy, Parco d’Orléans 26 

(Girault) (Goureau) (Diptera: (Palermo) 3.V.97, 

Agromyzidae) 21.11.99 

Liriomyza sp. (Diptera: Mercurtalis annua L. Italy, Borgo Molara Ly 

Agromyzidae) (Palermo) 29.X1.98 

Cosmopterix pulchrimel- Partetaria diffusa M. Italy, Zucco (Palermo) 49% 

la Chambers (Lepi- and K. 6.VI.00, Borgo Mo- 

doptera: Cosmopter- lara 26.1.99, 14,111.99 

igidae) 
Stigmella aurella (Fabr.) Rubus ulmifolius Schott Borgo Molara 112 

(Lepidoptera: Nepti- 17.VU1.99, Parco 

culidae) d'Orléans 20.1X.99 

Dialectica scalariella Echium sp. Jordan, Dana Village 12 

Zeller (Lepidoptera: 25.V.99 

Gracillariidae) 

Citrostichus phyllocnisto- Lepidoptera: Nepticu- — Pistacia lentiscus L. Zucco 4.1V.00 boy 

ides (Narayanan) lidae 

Stigmella sp. (Lepidop- R. ulmifolius Jordan, Al Bahhath 16,12 
tera: Nepticulidae) (Amman) 23.V.99 

Cirrospilus mgenuus Diptera: Agromyzidae Salix sp. Al Bahhath 23.V.99 LY 

Gahan 
Cirrospilus variegatus C. horticola Reichardia picroides (L.) Italy, Collesano (Paler- 1° 

(Masi) mo) 20.V.99 

Liriomyza congesta Lathyrus pratensis L. Collesano 20.V.99 12 

(Becker) (Diptera: 

Agromyzidae) 
Euleia heraclei (L.) Smyrnium perfoliatum Italy, Petralia Sottana 3° 

(Diptera: Tephriti- (L.) (Palermo) 6.VI.99 

dae) 

Lepidoptera: Nepticu- _ P. lentiscus Zucco 27.VIII.99 1d 

lidae 
Lepidoptera: Nepticu- —§ Chrozophora tinctoria Jordan, Aqaba 27.V.99 34,49 

lidae (L.) 

Ratzeburgiola incompleta Diptera: Agromyzidae — Salix sp. Al Bahhath 23.V.99 1d 

Boucek 
Ratzeburgiola cristata L. congesta L. pratensis Collesano 20.V.99 29 

(Ratzeburg) 

Neochrysocharis formosa D. scalariella Borago officinalis L. Italy, Bagheria (Paler- 14 

(Westwood) mo) 20.X1.97 

Leucoptera malifoliella Crataegus monogyna Zucco 7.VIII.99 7 

(Costa) (Lepidop- Jacq. 

tera: Gracillariidae) 

Liriomyza bryoniae Matthiola incana (L.) Al Bahhath 23.V.99 1d,2 

(Kaltenbach) 

Asecodes delucchit 

(Boucek) 
EEE 

Lepidoptera: Nepticu- 

lidae 
Diptera: Agromyzidae 

C. tinctoria 

Salix sp. 

Aqaba 27.V.99 

Al Bahhath 23.V.99 

N 
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sin (Bouéek 1969, 1970, Schauff et al. 1998), 

this species is known to parasitize Holo- 

cacista rivillei Stainton (Lepidoptera: He- 

liozelidae) (Bouéek, 1969), Phyllonorycter 

corylifoliella Hubner (Lepidoptera: Gracil- 
lariidae) (Mineo and Sinacori 1998), Cos- 

mopterix pulchrimella Chambers (Lepidop- 
tera: Cosmopterigidae) (Rizzo and Mineo 

1997), Liriomyza trifolit (Burgess) (Diptera: 

Agromyzidae) (Freidberg and Gijswijt 
1983), Liriomyza sp. (Diptera: Agromyzi- 
dae) (Rizzo and Mineo 1997), and Agro- 
myza hiemalis (Massa and Rizzo 2000). It is 

also recorded as CLM parasitoid (Azawi 
1997, Schauff et al. 1998), and as the most 
abundant native CLM parasitoid in Tur- 
key (Uygun et al. 1997) and Israel (Rossler 

and Argov 1997). 

Ratzeburgiola cristata (Ratzeburg) 

Known from the whole Europe (Boucek 
and Askew 1968, Rizzo and Mineo 1997, 

Schauff ef al. 1998) parasitizing Phyllono- 

rycter nigrescentella Logan (Lepidoptera: 
Gracillariidae) and Cosmia trapezina L. 
(Lepidoptera: Noctuidae) (Boucek and 

Askew 1968), Chrysoesthia sexguttella 
(Thunberg) (Lepidoptera: Gelechiidae), 
Cosmopterix pulchrimella and Stigmella au- 
rella (Rizzo and Mineo 1997), and the CLM 
in Spain (Schauff et al. 1998). Agromyzidae 
previously has not been recorded as a host 
for this parasitoid. 

Neochrysocharis formosa (Westwood) 

This species is known from the Palearc- 

tic, Asia and Africa (Boucek and Askew 

1968). It develops as a primary endopar- 
asitoid of larvae, and rarely eggs, of leaf- 
miners (Hansson 1990), and is known as 

parasitoid of P. citrella in Cyprus, Greece, 
Israel, Italy, Japan, Jordan, Spain, Tunisia 
and Turkey (Caleca et al. 1996, FAO 1996, 

Ujiye et al. 1996, Schauff et al. 1998). 

Asecodes delucchii (Bouéek) 

Asecodes delucchti (= Teleopterus deluc- 

chii) is known throughout the Palearctic 
Region from England to Japan (J. LaSalle, 

JOURNAL OF HYMENOPTERA RESEARCH 

pers. comm.), but has not been previously 
recorded in Jordan. It is known to attack 

P. citrella in Italy and Japan (Ujiye and 
Adachi 1995, Ujiye et al. 1996, Mineo 
1999), and has also been recorded as a par- 
asitoid of Caliroa cerast L. (Hymenoptera: 
Tenthredinidae) and Phyllonorycter messan- 

iella (Zeller) (Lepidoptera: Gracillariidae) 
(J. LaSalle, pers. comm.). Agromyzidae 
previously has not been recorded as a host 
for this parasitoid. 

DISCUSSION 

The introduction of exotic polyphagous 
parasitoids could decrease native parasit- 
oids competing for the same food resource 
(Bennett 1993, Duan ef al. 1996); thus, due 
to the naturally low density of their pop- 
ulations, native polyphagous parasitoids 
may undergo dramatic decrease to be- 
come locally extinct (LaSalle 1993). For 
these reasons, to find the best control 
agent of a noxious insect before using it in 
biological control programs LaSalle (1993) 
suggested carrying out research on the bi- 

ology and ecology of species of parasit- 
oids that are considered antagonists of the 
host. 

Since 1993, when P. citrella colonised 
Mediterranean citrus groves, endemic bi- 
ological diversity represented the poten- 
tial resource for biological control (cf. 
LaSalle 1993). A dozen native polypha- 
gous eulophids were found to parasite it. 
These species constituted the parasitoid 
community living on leaf-miners of the 
native flora. Research carried out in Sicily 
listed a total of 47 associations involving 
native eulophids that parasitize the CLM 
(Caleca et al. 1997, Mineo et al. 1997a, 

1997b, Caleca 1998, Caleca et al. 1998, Mi- 
neo and Sinacori 1998, Rizzo et al. 1999, 

Massa and Rizzo 2000, present study) (cf. 

Fig. la). Among CLM parasitoids, the ge- 

nus Cirrospilus (Hymenoptera: Eulophi- 
dae) played a dominant role, particularly 
C. pictus (Nees) in Sicily, Algeria and 

Spain (Caleca et al. 1998, Guenaoui and 
Dahlis 1997, Vercher et al. 1997). Due to 



VOLUME 10, NUMBER 1, 2001 

the spread of CLM, many researchers 
planned the introduction of its specific 
control agents; in the Mediterranean Basin 
today at least 6 exotic species, known as 
dominant parasitoids of P. citrella, have 
been introduced (Argov and Rossler 
1996). Among them S. petiolatus sponta- 
neously colonised Sicily (Mineo et al. 
1998), probably from N Africa, where it 

had been introduced, while Agentaspis ci- 
tricola Logvinovskaya (Hymenoptera: En- 
cyrtidae) and the eulophids Quadrastichus 
sp. and C. phyllocnistoides were here ac- 
tively introduced (Siscaro et al. 1997, Mi- 
neo and Mineo 1999b). 

Our research led us to find 5 alternative 
new native hosts of S. petiolatus and 2 of 
C. phyllocnistoides, as well as another new 
host of C. ingenuus, eulophids previously 
known as dominant or specialist CLM 
parasitoids. We believe that alternative 
hosts, leaf-miners of native flora, contrib- 
uted to acclimatation of S. petiolatus and 
C. phyllocnistoides in Sicily, providing al- 
ternative food and shelter, mainly in win- 

ter and spring, when CLM populations 
decrease very much (Massa and Rizzo in 

press). As regards the interference deter- 
mined on native CLM parasitoids by ex- 
otic ones, S. petiolatus in 1998 represented 
as much as 38% of all the parasitoids in 
an orange grove, with an average parasit- 
ization rate of 6.9%, peaking to 87.5% in 
September (Caleca et al. 1998), while in 
1999 it represented 89% of all the parasit- 
oids in a lemon grove, with a peak of par- 
asitization rate of 69.6% (Mineo and Mi- 

neo 1999b), playing a dominant role in the 
CLM control. C. phyllocnistoides on the 
contrary seems to be still sporadic in Sicily 
(Mineo and Mineo 1999b). 

Among native CLM parasitoids in Sici- 
ly, in 1998 C. pictus reached 7.9% of par- 
asitization rate, while all the other para- 
sitoids did not exceed 2% (Caleca eft al. 

1998), values already known before the in- 

troduction of exotic parasitoids. As re- 
gards the parasitization on hosts of native 
flora, even if our data do not present a 
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significant quantitative analysis, from the 
qualitative point of view it seems that the 
community structure of parasitoids did 
not change after the introduction of exotic 
species (Caleca et al. 1997, Mineo et al. 
1997a, 1997b, Caleca 1998, Caleca et al. 
1998, Mineo and Sinacori 1998, Rizzo et al. 
1999, Massa and Rizzo 2000). The number 

of individuals of S. petiolatus and C. phyl- 
locnistoides found parasitizing native hosts 
indeed is still low, compared with the 
whole number of parasitoids (564) ob- 
tained during our research (Massa and 
Rizzo in press). 

Finally, our results point out that native 
flora within and at the edge of citrus 
groves strengthens the biological control 
of P. citrella, providing alternative hosts to 
its parasitoids, native as well exotic, main- 
ly in the winter-spring seasons when P. 
citrella density is very low. Additionally, 
they stress the importance of knowledge 
of parasitoid biology and ecology to opti- 
mise their use in biological control pro- 
grams, as well the conservation of native 

parasitoid communities. 
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Abstract.—Five species from three subgenera of Netelia were observed ovipositing on their hosts 
under laboratory conditions. Two species of the subgenus Bessobates oviposited without a separate 
insertion of the ovipositor beforehand. One species of the subgenus Netelia and two of the sub- 
genus Paropheltes employed a venom causing weak (often incomplete) temporary paralysis, ad- 

ministered as a separate action prior to oviposition. The venoms had no long-term adverse effect 

on hosts and it appears that these taxa, and perhaps all other groups of ectoparasitic koinobiont 
Ichneumonidae, lack the host-regulating venom systems that have been regarded as instrumental 
in the evolution of endoparasitism in some koinobiont cyclostome Braconidae. In all species sub- 

stantial parasitoid development was delayed until the final instar host had constructed its pu- 
pation site, wherein it was overwhelmed as a prepupa. Species of all three subgenera dumped 

eggs in the absence of hosts, and (if kept humid) such eggs subsequently split to reveal a living 

first instar larva (but not investigated in the subgenus Paropheltes). Species of all three subgenera 
indulged in non-destructive concurrent host-feeding, despite being supplied with honey solution 

ad libitum, making the necessary wounds on the host’s body with their mandibles. Occasionally 
non-destructive host-feeding occurred on hosts that were not also being parasitised. 

The main purpose of this study was to 
investigate the effect of the venom of spe- 
cies of Netelia Gray (= Paniscus auctt. nec 
Schrank) (Ichneumonidae: Tryphoninae) 
on their caterpillar hosts, but in the course 
of conducting experiments observations 
were also made on host-feeding, oviposi- 
tion behaviour, egg dumping, egg hatch- 
ing and (in one species) copulation. 
Many koinobiont parasitic wasps—that 

is, those in which the host continues to de- 
velop after being parasitised—influence 
the subsequent physiology, behaviour and 
development of their hosts in various and 
often profound ways (Vinson and 
Iwantsch 1980, Beckage 1985, 1991, 

Lawrence 1986, Barnard and Behnke 1990; 

see also Quicke 1997). In some, injections 
of materials (‘“venoms’”’ in the broadest 

sense) other than eggs by the female par- 
asitoid during the oviposition sequence 
are known to be at least partly responsible 

(Shaw 1981, Tanaka 1987, Jones 1987, Do- 
ver et al. 1988, Leluk and Jones 1989). In 

endoparasitoids the effect on the host of 
venoms independent of parasitisation as 
such is usually difficult to investigate di- 
rectly because the egg is injected concur- 

rently; that is, during a single insertion of 
the ovipositor. In some koinobiont cyclo- 
stome Braconidae, however, venoms ini- 
tially causing paralysis that is only tem- 

porary are injected as a preliminary and 

separate action prior to oviposition, and in 

some taxa the venom has been shown to 

switch the host, which initially recovers to 

resume feeding, to a prepupal stage in 

which it is arrested (Shaw 1981, 1983). 

This includes cocoon formation and the 

secretion of pupal cuticle, both of which 

happen precociously (i.e. an instar early) 

if the host is attacked in its nominally pen- 

ultimate larval instar, and two koinobiont 

cyclostome braconid genera, the ectopar- 



102 

asitic Rhysipolis Foerster (Rhysipolinae) 
and the endoparasitic Clinocentrus Haliday 
(Rogadinae), were found to employ ven- 

oms having identical effects on their hosts. 
Although these taxa are not regarded as 
extremely closely related, the suggestion 
(Shaw 1983) that on at least one occasion 
the evolution of endoparasitism from ec- 
toparasitoid ancestry within the Exotheci- 
nae-Rhysipolinae-Rogadinae group of 
subfamilies was enabled as a result of 
these controlling venom systems, which 
arose originally as adaptations to the 
host’s feeding and pupation biology, has 
been supported by other evidence (Whit- 
field 1992). 

Gauld (1988) envisaged that within the 
Ichneumonidae idiobiont endoparasitism 
arose from idiobiont ectoparasitic ances- 
try, and koinobiont endoparasitism from 
koinobiont ectoparasitic ancestry. The 
mechanisms for such transitions remain 
uncertain but it is possible in principal 
that the latter route may have involved 
venom systems similar to those seen in 

some cyclostome Braconidae. However, 
evidence for such venom effects in Ichneu- 
monidae has not been directly sought, al- 
though it is known that in some endopar- 
asitoid subfamilies (particularly Campo- 
pleginae) complex physiological processes 
ensue from substances injected simulta- 
neously with eggs. Three extant groups of 

koinobiont ectoparasitoid Ichneumonidae 
are known: Adelognathinae (most inves- 
tigated species, parasitoids of sawfly lar- 
vae); the Polysphincta Gravenhorst genus- 

group (= Polysphinctini sensu Townes 
1969, but see Wahl and Gauld 1998) of the 
Pimplinae (parasitising spiders); and Try- 
phoninae (parasitising sawfly and Lepi- 
doptera larvae). At least some members of 

each group are known to inject venoms 

causing temporary paralysis as separate 

actions prior to oviposition (as in Rhysi- 

polis and the endoparasitic Clinocentrus), 
offering particularly convenient opportu- 
nities to interrupt the oviposition se- 
quence so as to observe any venom effects 
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in isolation. Indications exist (see Discus- 

sion) that in Adelognathinae and the Po- 
lysphincta genus-group these venom sys- 
tems are innocuous, in the sense of caus- 
ing only temporary paralysis rather than 

exerting lasting control over the host's de- 
velopment, but for the third group, Try- 
phoninae, essential information is lacking. 
Because Tryphoninae generally kill the 
host as a prepupa, the possibility that they 
employ venoms that disrupt processes 
normally under endocrine control (as with 
Rhysipolis and Clinocentrus) seemed partic- 

ularly worth examining. 
Tryphonines are predominantly (at least 

at the generic level) parasitic on Symphyta 
but the family contains the tribe Phytodie- 
tini, including the genera Netelia and Phy- 
todietus Gravenhorst, which attack Lepi- 
doptera larvae. In view of the ease of cul- 
turing their hosts, species of Netelia were 
chosen for study. Netelia species anchor 
their highly characteristic stalked black, 
and typically glossy, eggs externally on 
the thoracic segments of active exposed 
Lepidoptera larvae that are normally con- 
sumed only after constructing their pu- 
pation chambers (i.e. as prepupae). The 
genus contains species for which tempo- 
rary paralysis of the host has been report- 
ed as well as others that apparently ovi- 
posit without having this effect (e.g. Sten- 
ton 1910, Shevyrev 1912, Vance 1927). 
While many observations have been pub- 
lished on the egg structure and larval de- 
velopment of Netelia (e.g. Stenton 1910, 
Cushman 1913, Strickland 1923, Vance 
1927, Guppy 1961, Danks et al. 1979, Ellis 
1998), the possibility that venoms may 

have arresting effects beyond that of caus- 
ing temporary paralysis appears never to 

have been considered. 
Yu and Horstmann (1997) recognise 

eleven subgenera of Netelia of which four, 
Netelia s. str., Paropheltes Cameron, Besso- 

bates Townes, Townes and Gupta, and 
Parabates Foerster, are known to occur in 

Britain. This paper records the outcome of 
experiments to investigate possible long- 
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term venom effects in the first three of 
these subgenera of Netelia, and notes also 
other aspects of parasitoid behaviour and 
host development. 

The following species were used in ex- 
periments (comment on phenology and 
host range is supported by reared material 
in the National Museums of Scotland 
(NMS)): Netelia (Bessobates) cristata (Thom- 
son), a plurivoltine and normally solitary 
parasitoid of various exposed Noctuidae; 
N. (B.) latungula (Thomson), a univoltine, 

solitary and regular parasitoid of Opero- 
phtera brumata (Linnaeus), sometimes 

reared also from other spring-feeding ar- 
boreal Geometridae; N. (Netelia) vinulae 

(Scopoli) (= cephalotes (Holmgren)), a uni- 

voltine, gregarious and regular parasitoid 
of Cerura vinula (Linnaeus) (Notodonti- 

dae); N. (Paropheltes) tarsata (Brischke), a 
plurivoltine solitary parasitoid of small 
Geometridae, especially species of Eupithe- 
cia Curtis; and N. (P.) ?thomsoni (Brauns), 

in Britain a widespread plurivoltine par- 
asitoid of Xanthorhoe fluctuata (Linnaeus) 

and other similarly small to medium sized 
Geometridae. The latter comes closer to N. 
(P.) inedita (Kokujev) than to thomsoni in 
Delrio (1975), but Yu and Horstmann 

(1998) give the latter as a senior synonym. 
Delrio (1975) records thomsoni from Geo- 

metridae including Eupithecia species. 

METHODS 

All livestock originated from England. 
Adult parasitoids were identified by ref- 
erence to Delrio (1975), and voucher spec- 
imens are deposited in the NMS. 

Netelia (Bessobates) cristata. One female 
(unmated) reared from Cosmia trapezina 

(Linnaeus) from Hartslock, Oxfordshire, 
was used in experiments. The experimen- 

tal host, Lacanobia oleracea (Linnaeus), was 

reared from the previous generation in 
culture and fed on leaves of Taraxacum 
Weber and Crataegus Linnaeus. 

Netelia (Bessobates) latungula. Adults 
used in experiments were collected by 
sweeping Corylus Linnaeus at Hell Cop- 
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pice, Buckinghamshire (two females), and 
reared from O. brumata from Gait Barrows 

NNR, Lancashire (one female, unmated). 
Experimental hosts were wild-collected 
larvae of O. brumata (Corylus, Hell Cop- 
pice; Corylus, Pamber Forest, Hampshire; 
and Salix Linnaeus, Otmoor, Oxfordshire), 

and cultured O. brumata and Theria_ pri- 
maria (Haworth) from the previous gen- 

eration. All hosts were fed on leaves of 

Crataegus. Some O. brumata larvae bearing 
eggs of N. latungula when collected were 
also investigated. 

Netelia (Netelia) vinulae. Parasitised lar- 

vae of C. vinula, collected at Druridge Bay, 
Northumbria, were received from H. A. 

Ellis (cf. Ellis 1998) and provided the adult 
N. vinulae used the following year. Five fe- 
males (at least two mated and at least two 

virgin) were involved in experiments. Lar- 

vae of the experimental host, C. vinula, 
were obtained from livestock dealers (ex 

culture) and fed on leaves of Salix. 

Netelia (Paropheltes) tarsata. One female 
(unmated) reared from Eupithecia absin- 

thiata (Clerck) from Sheffield, Yorkshire 
(received from T. H. Ford) was used in ex- 

periments. The experimental host, Eupithe- 
cia vulgata (Haworth), was cultured from 

the previous generation and fed on leaves 

of Crataegus. 
Netelia (Paropheltes) ?thomsoni. One fe- 

male (unmated) reared from Xanthorhoe 

fluctuata from Hampstead Heath, London 
(received from R. A. Softly) was used in 
experiments. Eupithecia nanata (Hubner), 
cultured from the previous generation and 
fed on Calluna Salisbury, and Eupithecia 
sp. collected wild from Quercus Linnaeus 

at Pamber Forest, Hampshire were exper- 

imental hosts. 
All female parasitoids were seen to feed 

on honey: water (ca 1:3), with which they 
were kept at all times in corked glass 

tubes or clear plastic boxes (see below) 

apart from the brief periods of experimen- 

tal manipulation. Lepidoptera larvae were 
fed in ca 16 X 8 X 6cm closed clear plastic 
boxes lined with copious absorbent tissue 
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paper. All livestock was kept in an un- 
heated, detached and fully shaded out- 

door shed under conditions of natural 
temperature and daylength except during 
experiments under observation. 

Experimental exposures of hosts to par- 

asitoids were done under observation (ex- 

cept for some with N. (B.) cristata—see Re- 
sults) in 2.5 < 7.5 cm corked glass tubes 
(N. (B.) latungula and the two N. (Paro- 
pheltes) species), or in ca 16 X 8 X 6 cm 
clear plastic boxes (N. (B.) cristata and N. 
(N.) vinulae). 

RESULTS 

Netelia (Bessobates) cristataa—Eggs were 
mature by the twelfth day after adult 
emergence. Egg dumping was not seen, 
probably because the single parasitoid ob- 
served was never deprived of hosts for 
long. This species is almost completely 
nocturnal and only four parasitisations 
(one with successful non-destructive con- 

current host-feeding—see Jervis and Kidd 
1986 for explanation of these terms) and 

one further non-destructive but non-con- 
current host-feeding event were observed 
directly. For oviposition the female 
grasped the late final instar host with all 
six legs, oriented head to tail, and moved 
backwards along the host’s body towards 
its head, then rapidly oviposited on a tho- 
racic segment without separately stinging 

the host. In three cases the female then 
tried to bite the host mid-dorsally, pre- 
sumably in order to host-feed, but in each 
case the host writhed furiously and she 
was thrown off. In the only other ovipo- 
sition sequence observed the parasitoid 
laid a second egg, without releasing the 
host, before successfully host-feeding on 
haemolymph via a wound made with the 
mandibles. Host-feeding without oviposi- 
tion was observed on one host (earlier in 

its final instar)—as in oviposition sequenc- 

es the host was grasped tightly with all six 
legs, and the female chewed a wound at 
which she fed midway along the host's 
dorsum, at the same time curling the tip 
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of her abdomen towards the host's thorac- 
ic segments but without ovipositing. 

Otherwise parasitised hosts were ob- 
tained by keeping the single female over- 
night with 5-7 hosts in a cardboard shoe 
box (ca 23 X 13 X 10 cm) closed with a 
sheet of glass, and removing the contents 
the following morning. Penultimate instar 
hosts, and those early in their final instars, 

never received eggs, but over a thirteen 
day period the female laid 54 eggs (50 of 
them in the last nine days) on late final 
instar larvae until the experiment was cur- 

tailed for want of further host larvae, al- 

though the female parasitoid lived for 
about another 55 days (ca 80 as an adult 
in all). At the end of a night, sixteen hosts 
had received one egg; nine had received 
two; two had received four; and one had 
received twelve eggs (generally, some 
hosts had also received no eggs, but as the 
smaller hosts were clearly less attractive 
there is no scope to analyse egg distribu- 
tion). The host with twelve eggs was 
reared and five parasitoid cocoons result- 
ed; the two hosts with four eggs similarly 
each resulted in two cocoons; two of four 
hosts reared with two eggs yielded two 
cocoons and the other two a single cocoon 
each; and all seven hosts reared with sin- 
gle eggs duly yielded the single parasitoid 
cocoon expected. This suggests that com- 
petition causes some mortality but that 
broods of two will regularly be fully via- 
ble. 

Nine hosts from which eggs were man- 
ually removed, and also one host bearing 
an egg that failed to hatch, produced pu- 
pae and then adult moths, apparently nor- 
mally. Two eggs on one host were allowed 
to hatch (which occurred two and five 
days after oviposition) and on the sixth 
day after oviposition the two larvae (four 
and one days old) were destroyed, after 
which the host pupated and became an 
adult moth. Two other hosts each bearing 
one parasitoid were reared for eight days 
after oviposition, by which time parasitoid 
larvae were ca six days old and ca three 
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times as long as the egg, before the para- 
sitoid larvae were killed. Both hosts be- 
came prepupal within two days, but died 
without pupating, apparently in an arrest- 

ed state. 
In all wild and experimental rearings 

permitted to reach such a state, the host 
was consumed as a prepupa in its pre- 
pared pupation site, in which the parasit- 
oid cocoon is constructed. The generation 
that overwinters does so in the cocoon. 

Netelia (Bessobates) latungula.—Eggs 
were mature five days after adult emer- 
gence, and started to be dumped ca ten 
days after emergence in the absence of 
hosts. If kept humid dumped eggs later 
split to reveal a living first instar larva, 

just as did eggs laid on hosts. Penultimate 
instar hosts (both O. brumata and T. pri- 
maria) were rejected consistently, although 
sometimes investigated. Oviposition at- 
tacks on final instar hosts are evidently 
provoked by movement: hosts remaining 
still when contacted by the female were 
ignored. There was no_ pre-oviposition 

sting, the adult parasitoid rapidly pounc- 
ing on the host and ovipositing singly on 
one of the host’s thoracic segments (very 
rarely at the host’s caudal end: the two 
eggs laid in this position were quickly lost, 
possibly because the host could reach 
them with its mouthparts). After all seven 
ovipositions witnessed the host was then 
released, without the parasitoid attempt- 
ing to host-feed. Some interactions, how- 
ever, took a different course: in five cases 
the female parasitoid grasped a final instar 
O. brumata larva, jabbing it once with its 
ovipositor midway along its dorsum. Four 
of these larvae were then released and 
abandoned, but the parasitoid chewed a 
wound on the other from which it fed on 
haemolymph. No paralysis was evident. 

Eggs were cut off eleven parasitised O. 
brumata larvae and two T. primaria, all of 
which pupated and produced adult 
moths. The five O. brumata which had 
been possibly stung but not oviposited 
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onto also 

moths a 

pupated and produced adult 
parently normally. 

In a heavily parasitised field sample of 
final instar brumata larvae collected 
from Corylus on 7.vi.1979 at Hell Coppice, 

Buckinghamshire, 15 bore no eggs, 19 had 
one egg, and nine carried two eggs of N. 

(B.) latungula. Five of the latter nine pro- 
duced single N. (B.) /atungula cocoons (the 
other four produced other parasitoids pre- 
emptively), showing that this species is 
probably strictly solitary but apparently 
incapable of rejecting already parasitised 
hosts. 

In all wild and experimental rearings 
permitted to reach such a state, the host 

was consumed as a prepupa in its pre- 

pared pupation site, and the parasitoid 
overwintered there in its own cocoon. 

Netelia (Netelia) vinulae—Two copula- 
tions each of about four minutes duration 
were observed: in both cases the male 
climbed on the dorsum of the female, 
which was standing on a horizontal sur- 
face, so that the copula was orientated 
head to head. This contrasts with the ac- 
count of copulation given by Vance (1927) 
for N. (N.) spinipes (Cushman). 

Female parasitoids contained mature 
eggs from about the eighth day after their 
emergence, and by the eleventh day fe- 
males having had no access to hosts start- 
ed to dump eggs on the sides of the con- 
tainer. Such eggs, if kept humid, later split 
to reveal the first instar larva, just as eggs 
placed on hosts. The females were offered 
both penultimate and final instar larvae, 
attacking the former (including those in 

proecdysis/apolysis between these in- 
stars) very much more readily. They ad- 
vanced on hosts at first rather cautiously, 

making repeated stinging attacks with 
brief (rarely as long as a second) insertions 

of the ovipositor, usually in central posi- 
tions along the host’s body. The hosts, 

which at first attempted to defend them- 
selves by thrashing and sometimes daub- 
ing oral secretions, were gradually sub- 
dued; those in the penultimate instar in 
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particular becoming markedly incapacitat- 
ed, though not fully paralysed. The female 
then sometimes rejected hosts (in both 
penultimate and final instars) in which she 
had invested considerably (as many as ten 
stinging attacks) without ovipositing, or 
else she climbed onto the host and com- 
menced oviposition onto thoracic seg- 

ments. Each site for anchoring an egg ap- 
peared to be chosen with some delibera- 
tion. After the ovipositor tip was inserted 
through the host's cuticle it took approxi- 
mately half a second for the egg to slide 
down the outside of the ovipositor to be 
anchored into the epidermis by its stalk, 

which travels down the ovipositor shaft 
internally. Host movement as it recovered 
during the egg-laying process greatly in- 
hibited the female, and this may impose a 
strong limit to brood size (about 4-8 eggs 
seems usual). Following oviposition, the 
female usually fed on host haemolymph 
through a wound which it chewed with 
its mandibles mid-way along the host’s 
dorsum. Hosts that were stung but then 
rejected were not fed on in this way, and 
haemolymph oozing from stinging sites 
was not imbibed. The behaviour of fe- 
males towards hosts before their penulti- 
mate instar was not investigated. During 
host ecdysis eggs anchored into the epi- 
dermis of penultimate instar hosts easily 
tear through the cuticle being sloughed 
and losses are normally extremely low. 

Three penultimate instar hosts that had 
suffered stinging attacks without oviposi- 
tion, and three penultimate instar hosts on 
which oviposition had also occurred but 
the progeny was destroyed, were reared 
to investigate the effects of venom. All six 
pupated and produced adult moths con- 
temporaneously with controls. 

In all wild and experimental rearings 
permitted to reach such a state, the host 
was consumed as a prepupa in its pre- 
pared pupation site, and the parasitoids 
overwinter there in their own cocoons. 

Netelia (Paropheltes) tarsata—The female 
parasitoid lived as an adult from 5.vi until 
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24.ix, a period of 111 days. Hosts were not 
offered until the parasitoid’s 60th day of 
adult life. An unknown number of eggs 
had been dumped but, once experiments 
commenced, further egg dumping was not 
seen, probably because the female was not 
then deprived of hosts. Indeed, on one oc- 

casion an egg that was clearly immature 
(greenish grey rather than the usual black 
in colour) was laid on a host, but this and 
also several others of the eggs laid failed 
to anchor adequately and were lost, pre- 
sumably because the chorion had not suf- 
ficiently hardened. The eggs are more or 
less coriacious and matt, unlike the shiny 
eggs seen in the species of the subgenera 
Netelia and Bessobates here studied. Final 
instar hosts were greatly preferred, 
though some ovipositions occurred on 
penultimate instar hosts (including one in 
the proecdysis/apolysis preceding the fi- 
nal instar). Hosts were stung once, with an 
insertion of the ovipositor into an abdom- 
inal position, causing partial temporary 
paralysis. The parasitoid then oviposited 
once onto a thoracic segment, and subse- 
quently nearly always chewed a wound 
midway along the host’s back from which 
it fed on haemolymph. In one case host- 
feeding commenced before oviposition 
and continued during it and for a time 
afterwards. Host-feeding was often so 
heavy (green fluid greatly distending the 
parasitoid’s metasoma) that the female 
was unable to move with agility and did 
not attack further hosts until the following 
day. A limited capacity to deal with more 
than two hosts per day was also evi- 
denced by her laying immature eggs (see 
above) and sometimes failing to produce 
enough venom to subdue hosts to the 
point that she was willing to oviposit on 
them. 

Three penultimate instar and two final 
instar hosts that had received paralysing 
venom but no eggs, and three further final 

instar hosts that had also received eggs 
which were then removed, all pupated 
and produced adult moths apparently 
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normally. An additional four final instar 
and one penultimate instar hosts from 
which eggs had been removed died of a 
fungal disease that also affected some un- 
exposed control larvae. 

In all wild and experimental rearings 
permitted to reach such a state, the host 
was consumed as a prepupa in its pre- 
pared pupation site, and the generation 
that overwinters does so in the cocoon. 

Netelia (Paropheltes) ?thomsoni.—Eggs 
(which are similar to those of N. (P.) tar- 
sata) were dumped after several days of 
host deprivation. Two similar ovipositions 
were observed, on a final instar Eupithecia 
nanata and on a final instar Eupithecia sp. 
The female stung the host (10-20 seconds 
insertion) in an abdominal position caus- 
ing rather full temporary paralysis; she 
then oviposited singly onto a thoracic seg- 
ment, when the body of the egg was seen 
to slide down the outside of the ovipositor 
during ca 1 second; and subsequently she 
chewed a wound midway along the host's 
back from which she fed on haemolymph. 
The cultured host (E. nanata) died of a fun- 
gal disease and the other (wild collected) 
host proved to be already parasitised. No 
further trials could be conducted. 

In all wild rearings the host was con- 
sumed as a prepupa in its prepared pu- 
pation site, and the generation that over- 
winters does so in the cocoon. 

DISCUSSION 

Pre-ovipostion venoms causing a de- 
gree of temporary paralysis have been re- 
ported in several species of the subgenus 
Netelia previously (Shevyrev 1912, Cush- 
man 1926, Vance 1927) and studies on spe- 
cies of the subgenus Bessobates have either 
stated that no paralysis is caused (Shevy- 
rev 1912) or been reported without men- 

tion of it (Stenton 1910, whose account of 

his parasitoid of O. brumata almost cer- 
tainly refers not to N. (B.) virgata but to N. 
(B.) latungula, as it is clear from material 
in NMS that C. Morley, who had deter- 
mined Stenton’s specimens, regularly mis- 
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identified latungula as virgatus). The pres- 
ent study concurs with these earlier find- 
ings, but the biology of the subgenus Par- 
opheltes does not seem to have been 
previously studied even to this extent. 

The main finding of the present work is 
that no substances controlling host devel- 
opment .are injected during the oviposi- 
tion process in any of the three subgenera 

investigated, since hosts from which eggs 
had been removed developed normally. 
Thus the venoms injected prior to ovipos- 
iton in the subgenera Netelia and Parophel- 
tes have no effect on the host other than 
to subdue it, simply allowing the female 
parasitoid to place eggs accurately using 
its appreciably exserted ovipositor. Spe- 
cies of the subgenus Bessobates, which 
have markedly shorter ovipositors, ovi- 
posit more rapidly without immobilising 
the host other than physically by grasping 
it. Oviposition has been described for one 
species in the genus Phytodietus, the pu- 
tative sister genus to Netelia, and a venom 
causing temporary paralysis, often requir- 
ing several insertions of the ovipositor as 
in N. (N.) vinulae, was observed (Sim- 

monds, 1947). This may suggest that the 
use of a paralysing venom is plesiomorph- 
ic in Netelia (see also Kasparyan 1973 

[1981:49]). 
In all tribes of Tryphoninae other than 

Idiogrammatini and Phytodietini eggs 
ready for oviposition are commonly car- 

ried externally on the ovipositor until a 
host is found (pers. obs.; but for Ankylo- 

phonini and Sphinctini, A. Bennett pers. 
comm.). In the studied subgenera of Ne- 
telia (Phytodietini) this behaviour is not 
approached: in all three subgenera the egg 
did not start to issue from the parasitoid’s 
genital opening until the ovipositor was 

inserted for attaching the egg to the host. 
Although observations of oviposition in 
the tribes carrying eggs on the ovipositor 

are rather sparse, only the exenterine Ex- 

enterus abruptorius (Thunberg) has been re- 

ported to cause temporary paralysis (Mor- 

ris 1937). This observation would indicate 
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that carrying the egg on the ovipositor 
(which it is here presumed to be the case 
in E. abruptorius, though it is not explicitly 
stated to be so by Morris) does not pre- 
clude the use of a paralysing venom, but 
the lack of records of paralysis by Exen- 
terini and Tryphonini stemming from oth- 

er studies (see Kasparyan 1973 [1981:49]}) 

suggests that it is not usual in these tribes. 
The situation is uncertain in Idiogram- 

matini: despite some speculation by Cush- 
man (1937) and an erroneous citation by 
Kasparyan (1973 [1981: 49]), the process of 
oviposition in Idiogramma Foerster seems 
not to have been reported, but eggs have 
not been found to be carried externally on 
the ovipositor (A. Bennett pers. comm.). 

Thus there remains no evidence that 
Tryphoninae deploy venom systems that 
have effects other than to subdue the host 
while oviposition takes place, although 
egg-removal experiments have been con- 
ducted only for Netelia and should be car- 
ried out for other tribes. Furthermore the 
other two known groups of koinobiont ec- 
toparasitic Ichneumonidae, i.e. some Ade- 

lognathinae and the Polysphincta genus- 
group, appear to employ pre-oviposition 
venoms that, as in two of the subgenera 

of Netelia studied here, have only this sub- 

duing effect. Adelognathinae consists of 
the single genus Adelognathus Holmgren. 
One species, A. chrysopygus (Gravenhorst) 
(= granulatus Perkins), is a typical idio- 

biont, employing venom for the perma- 
nent paralysis of its host (Rahoo and Luff 
1987, confirmed by F.D. Bennett pers. 

comm.). However, most Adelognathus spe- 
cies appear to be koinobionts (Fitton et al. 
1982), and one thoroughly investigated 
but undescribed species employs a venom 
causing temporary paralysis, facilitating 
oviposition, but which has no other ap- 
parent effect: hosts intercepted after pa- 
ralysis but before oviposition, as also hosts 
from which eggs were removed, recover 
to develop to the adult stage normally 
(Shaw unpublished). In the Polysphincta 
genus-group temporary paralysis of the 
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host prior to oviposition is probably com- 
mon to all genera and has been described 
by Cushman (1926) for Zatypota parva 
(Cresson) and by Eberhard (2000a) for Hy- 
menoepicnemis argyraphaga Gauld. In the 
latter species Eberhard (2000a) found that 
the venom appears to have no long term 

effect on host development. This appears 
to be generally true of the Polysphincta ge- 
nus-group: I have on several occasions 
reared to adulthood immature spiders 
bearing parasitoid larvae at the time of 
collection that for one reason or another 
subsequently died young, to check that 
host development was unimpaired, and in 
every case (involving the parasitoid gen- 
era Polysphincta, Dretsbachia Townes, Schi- 

zopyga Gravenhorst, Zatypota Foerster and 
Acrodactyla Haliday) it was found to be so. 
Thus, although more investigation of Try- 
phoninae is warranted, it appears that 

none of the extant groups of koinobiont 
ectoparasitic Ichneumonidae employs a 
venom system with an effect remotely 
similar to that seen in the cyclostome Bra- 
conidae, which seems to have been so im- 
portant in the evolution of endoparasitism 
within at least one lineage (Shaw 1983, 
Whitfield 1992). 

Whereas the two studied species of the 
subgenus Bessobates will normally oviposit 
only on final instar larvae, and one species 
clearly avoided inactive hosts, the single 
species studied in the subgenus Netelia, N. 
(N.) vinulae, which is unusual in both the 

subgenus and the genus as a whole for be- 
ing fully gregarious, preferred hosts in the 
penultimate instar (see also Ellis 1998) and 
was very willing to attack them when they 
were inactive in the proecdysis/apolysis 
between that and the final instar. Other 
studied species of the subgenus Netelia are 
solitary, and, although apparently prefer- 
ring final instar hosts, also commonly ovi- 
posit on penultimate instar hosts (Guppy 
1961, Danks et al. 1979). At least one of the 
species of the subgenus Paropheltes inves- 
tigated here also seems to be somewhat 
plastic in this respect. 
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Species of all three subgenera dumped 
eggs in the absence of hosts, as has been 
observed before in the subgenera Netelia 
(Vance 1927) and Bessobates (Stenton 1910). 

This presumably happens because embry- 
onic development is independent of the 
host, contrary to Stenton’s (1910) view, 
and eggs in these two subgenera (not in- 
vestigated for Paropheltes) can “hatch” 
even if dumped. The degree of maturity 
of eggs that are laid on hosts varies con- 
siderably and this may have a bearing on 
the time that elapses before they hatch, al- 
though, as dumped eggs tend to dry up 
without hatching unless kept humid, pre- 
vailing humidity is clearly also important 
and may explain why, in the wild, eggs of 
many Tryphoninae typically hatch only 
after the host has constructed its pupation 
chamber (cf Clausen, 1932). An egg-hatch- 
ing/larval development response to the 
conditions of high humidity developing in 
the host cocoon thus may be the principle 
means of ensuring the commencement of 
parasitoid development at the appropriate 
host stage in Tryphoninae, in contrast to 
koinobiont ectoparasitoid taxa such as 
Rhysipolis (Shaw 1983) and the eulophid 
Eulophus ramicornis (Fabricius) (Shaw 

1981, as E. larvarum (Linnaeus)) which 
achieve this through their venoms. Hosts 
parasitised by Netelia collected while they 
are still feeding in the wild almost invari- 
ably bear only unhatched eggs (pers. obs.), 
though once brought under captive con- 
ditions involving the high humidity of 
closed containers the eggs frequently 
hatch, and the larvae start to develop, be- 
fore the host constructs its pupation cham- 
ber. In extreme cases (cf. that illustrated 

by Ellis 1998 for N. (N.) vinulae) this can 
lead to the host being overwhelmed pre- 
maturely and a failure of the parasitoids 
to survive. The extent to which larval de- 
velopment per se may depend on high hu- 
midity would be worth investigating. 
Guppy (1961) and, possibly following 

him, Danks et al. (1979), writing on species 

in the subgenus Netelia, have stated that 
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the host’s development is ‘arrested’ as a 
prepupa as the parasitoid starts to feed, 
but without giving reasons for that con- 
clusion. In one case for one species of the 
subgenus Bessobates studied, two parasit- 

oid larvae on one host were allowed to 
feed for up to 4 days before they were 
killed, and the host then went on to pu- 
pate normally. In two further cases in- 
volving this host and parasitoid species 
the parasitoid larvae were killed after 6 
days, when they were still too small to 
have caused much damage to the larval 
hosts, and both hosts then burrowed for 
pupation but died as prepupae in what 
seemed to be an arrested state. The inter- 
esting possibility that the larva of Netelia 
species does indeed inhibit host develop- 
ment, other than by causing damage 
merely in the course of feeding, is worthy 
of further investigation, though it appears 
not to be capable of this in the earliest 
days of its feeding. Eberhard (2000a, b) 
gives evidence of control over the host, 
apparently through chemicals produced 
by the parasitoid larva, in Hymenoepimecis 
argyraphaga of the Polysphincta genus- 

group. 
The use of mandibles, rather than the 

ovipositor, to make the wound necessary 
for non-destructive host-feeding has been 
noted before in the subgenus Netelia 
(Vance 1927), and was common to all 

three of the subgenera studied. In one sub- 
genus, Bessobates, it appears sometimes (or 

possibly usually) to involve host individ- 
uals other than those used for oviposition, 
perhaps because a different grip on an un- 
subdued host is required. In contrast, in 
the subgenera Netelia and Paropheltes non- 
destructive host-feeding is concurrent (cf. 
Jervis and Kidd 1986) and normally occurs 

following each oviposition. The behaviour 
in Netelia s.l. is in marked contrast to that 

recorded by Simmonds (1947) for Phyto- 

dietus rufipes pulcherrimus (Cresson), in 

which feeding was said to take place on 
the fluids that exuded from the puncture 
wound (or wounds) made by the ovipos- 
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itor in the course of injecting venom, and 

furthermore if the adult fed from the host 
it did so before ovipositing on it, rather 
than afterwards as in the subgenera Nete- 
lia and (normally) Paropheltes. Remark- 
ably, Zinnert (1969) noted that Erromenus 
calcator (Muller) (Tryphonini) wounds the 
host with its mandibles but does not then 
feed on the exuding haemolymph. Other 
Ichneumonidae known to make feeding 
wounds with their mandibles include the 
tryphonine Eridolius rufonotatus (Holm- 
gren) (Exenterinae) (Carl 1976), the pimp- 
line Exeristes roborator (Fabricius) (Fox 

1927) and an undescribed species of Ade- 
lognathus (Shaw unpublished). Elsewhere 
in the Hymenoptera it is known in Eulo- 
phidae, Scelionidae and particularly in 
parasitoid aculeate groups (cf. Jervis and 
Kidd 1986). 
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A New Species of the Genus Orussonia Riek and the Female of 
O. depressa Riek (Hymenoptera: Symphyta, Orussidae) 

STEFAN SCHMIDT AND GARY A. P. GIBSON 

(SS) Australian National Insect Collection, CSIRO Entomology, Canberra ACT 2601, Australia 

(e-mail: Stefan.Schmidt@ento.csiro.au); (GAPG) Systematic Entomology Section, Eastern Cereal 

& Oilseed Research Centre, Agriculture and Agri-Food: Canada, K.W. Neatby Building, 960 
Carling Avenue, Ottawa, Ontario, Canada, K1A 0C6 (e-mail: gibsong@em.agr.ca) 

Abstract.—Orussonia ruficaudata Schmidt and Gibson, new species, and the female of O. de- 

pressa Riek are newly described; the male of O. depressa is redescribed and differential features of 

the species and of the sexes of O. depressa are illustrated. 

Riek (1955) established the genus Orus- 

sonia for two males collected in 1952, which 
he described as O. depressa. One of us 
(GAPG) recently collected two females that 

we associate as the opposite sex of O. de- 
pressa. We also discovered in the Austra- 
lian National Insect Collection a third fe- 
male, collected many years earlier in 1919, 

which Riek had identified as a second un- 
described species and labelled with the 
manuscript name O. ruficaudata. Here we 
describe what we consider to be the female 
of O. depressa and the female of this second 
species, which we name O. ruficaudata. 

Orussonia is one of three genera of Orus- 
sidae occurring in Australia (Riek 1955). 

The other two genera are Guiglia Benson 
with at least four Australian species (Ben- 

son 1955, Riek 1955, Vilhelmsen, pers. 

comm.) and Orussobaius with six species 
from Australia and one from New Guinea 
(Schmidt and Vilhelmsen, in prep.). The 

genus Orussonia constitutes, together with 

genera traditionally placed in the tribe Lep- 
torussini by Benson (1955), a paraphyletic 
group comprising the basalmost lineages 
of the Orussidae (Vilhelmsen, pers. 
comm.). Females of species of the genus 
Orussonia possess two pairs of medially 
separate coronal teeth (Figs 1, 3) and an in- 

complete ventral transverse frontal carina, 

whereas in most other orussid genera there 
are at least three pairs of medially separate 
coronal teeth and a fully developed ventral 
transverse frontal carina (Vilhelmsen, pers. 

comm.). Among all orussids Orussonia is 
the only genus with an extremely dorso- 
ventrally flattened body and a prognathous 
head and is, therefore, easily recognisable. 

Nothing is known about the biology of 
Orussonia, but the flattened body shape 
might indicate that they crawl under loose 
bark. It is known for some beetles with 
dorsoventrally flattened bodies that they 
occur under bark, e.g. species of the genus 
Platisus (Coleoptera, Cucujidae) 

(Lawrence and Britton 1991). 

METHODS 

The holotype female and male of O. ruf- 
icaudata and O. depressa, respectively, were 
used for the scanning electron micro- 

graphs. All specimens were uncoated and 

digital images were obtained with a Phil- 

ips XL 30 ESEM. The low vacuum envi- 

ronmental scanning mode was used for all 

except Fig. 1, which was obtained under 
high vacuum. A | mm cone aperture was 

used during low vacuum mode to im- 

prove image quality, which resulted in a 

circular image format at low magnifica- 
tions. The digital images were enhanced 
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Figs. 1-6. Orussonia species. 1-2, O. ruficaudata, sp. n.: 1, head, frontolateral view; 2, face. 3-6, O. depressa 

Riek: 3, head of female, frontolateral view; 4, face of female; 5, head of male, frontal view; 6, face of male, 

frontolateral view. Scale bars = ppm. 
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and the final plates compiled using Adobe 
Photoshop”. Figure 10 is a composite of 
two images and figure 11 is a composite 
of four images. 

Orussonia Riek 

Orussonia Riek 1955: 104. 

Type species: Orussonia depressa Riek, by origi- 
nal designation. 

Description.—Body strongly dorsoven- 
trally depressed, thorax height about half 
its maximal width measured from above. 
Head prognathus, occiput strongly exca- 
vated and appressed over convex anterior 
margin of pronotum. Vertex of female 
with two, of male with three separate 

pairs of coronal teeth and a less conspic- 
uous, smaller, subcontiguous medial pair 
dorsally of the lateral ocelli. Female anten- 
na 10-segmented; eighth and ninth seg- 
ments separated by a fine suture and 
forming a club; tenth segment peg-like, 
apically truncate and arising near middle 
of inner margin of ninth segment. Male 
antenna filiform, 11-segmented. Antenna 

about 1.5 X as long as head width, third 

segment shorter (0.56-0.71) than com- 

bined length of fourth and fifth segments, 
sixth segment slightly longer than third. 
Face between compound eyes flat with 
shallow punctures, without longitudinal 

carinae (Figs. 1-6). Gena rugose. Episto- 
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mal! sulcus absent, ventral transverse fron- 

tal carina reflexed and with shallow me- 

dian incision. Maxillary palp 5-segmented, 

labial palp 3-segmented. Mesoscutum and 
scutellum flat, forming a plane; scutellum 

crenulate along scutoscutellar line but oth- 

erwise smooth and shiny except for a few 
small setiferous punctures (Figs. 7, 8). Ax- 
illae punctate-rugose, contiguous medial- 
ly, separated by a distinct median carina 
(Figs. 7, 8). Mesopleuron laterally reticu- 

late-rugulose to punctate and setose ex- 

cept for smooth and shiny bare region me- 
dially below base of hind wing; ventrally 

much smoother with scattered setiferous 
punctures except more coarsely sculp- 
tured anterolaterally (Fig. 11). Metafemur 

swollen, about 2.5 * as long as its maxi- 
mal width. Forewing hyaline behind stig- 
ma but partly infuscate basally and api- 
cally, with two cubital cells, without inter- 
costal crossvein; anal cell closed, petiolate. 
Radial cell of forewing and hind wing 
open apically. Hind wing with large jugal 
lobe and without closed medial cell. Ab- 
dominal tergites 2-5 and 6 basally, later- 
ally carinate; second tergite subequal in 
length or slightly shorter than combined 
length of third and fourth tergites. 

Remarks.—Orussonia is readily distin- 
guished from all other orussid genera by 
its strongly depressed body and progna- 
thus head (Riek 1955, figs. 2, 3). 

KEY TO SPECIES OF ORUSSONIA RIEK 

1 Male and female: face with punctures separated by distinct interspaces, some of which are 
greater than the diameter of a puncture (Figs. 3-6); abdomen black, apical segment occasionally 

orange-brown 
— Female: face with punctures nearly contiguous, separated by narrow interspaces (Figs. 1, 2); 

abdomen black with apical two segments orange-brown ......... 

depressa Riek 
Ds 

ruficaudata, new species 

Orussonia depressa Riek 

(Figs. 1) 

Orussonia depressa Riek 1955: 104-5. Holotype 

s, Australia, NSW, 4 miles N. Bateman’s 

Bay, 14.x.1952, E.F. Riek. Type in the Austra- 

lian National Insect Collection, Canberra. 

Paratype ¢, same data as holotype, in The 

Natural History Museum, London (both ex- 

amined). 

Additional material examined. 2 2 2°, Austra- 
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Figs. 7-11. Orussonia depressa Riek. 7, female thorax, dorsal view; 8, male thorax, dorsal view; 9, abdominal 

tergites 1 and 2 of female, dorsal view; 10, abdominal tergites 1 and 2 of male, dorsal view; 11, thorax and 

base of abdomen of male, ventrolateral view. Scale bars = jm. 
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lia, ACT, Canberra, Black Mountain, 

2 xa 99S Vand” 231998, G.A.P.. Gibson. 
The specimens were collected on dead eu- 
calypt trees. One specimen deposited in 
ANIC and one in the Canadian National 
Insect Collection, Ottawa. 1 @, Victoria, 
Red Hill, Oct. 1965, D.R. Holmes, in Ob- 

erOsterreichisches Landesmuseum, Linz, 

Austria. 

Female-—Body length 5-6 mm. Black 
with following yellowish to orange- 
brown: labrum and labiomaxillary com- 
plex, tenth flagellar segment and some- 
times basal three to seven flagellar seg- 
ments, protibia apically on outer surface, 

tarsi except apical segment sometimes 
brown, metatibia dorsomedially, abdomi- 

nal sternites medially and apical tergite 
occasionally. Forewing smoky-hyaline 
with band near base and larger region be- 
yond stigma brownish; stigma black. Face 
(Figs. 3, 4) flat with shallow, oval to sub- 

circular punctures separated by smooth, 
shiny, glabrous interspaces, the largest in- 
terspaces greater than diameter of a punc- 

ture; punctures each with single seta. Me- 
soscutum (Fig. 7) punctate-rugose except 
with shiny, smooth or mostly smooth me- 
dial band, and with a less distinct smooth 

region laterally near parapsidal line. Ab- 
domen with basal two tergites reticulate- 
rugose except medially and apically 
smooth to finely coriaceous (Fig. 9); re- 

maining tergites primarily coriaceous but 
with increasingly obscure, paramedial, 

transverse punctate-rugose line anteriorly 

on tergites 3-5. 

Male.—Similar to female except for fol- 
lowing: face (Figs. 5, 6) densely setose me- 

dially over region about as wide as clyp- 
eus (Fig. 5), flat interspaces with numer- 

ous setae originating from distinct setal 
pores (Figs. 5, 6); mesoscutum (Fig. 8) 
punctate-rugose except punctate with 

smooth interspaces anteriorly and with 
obscure median carina. Second abdominal 
tergite without medial coriaceous band 
and with larger and more distinct shiny 
spot basolaterally (Fig. 10). 
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Remarks.—We consider it likely that the 
described differences between the sexes 
are secondary sexual features. This would 
be consistent with sexual differences 
found in other orussids. However, we are 

currently unable to exclude the possibility 
that the females and males represent sep- 
arate species. Discovery of the male of O. 

ruficaudata would provide more informa- 
tion on sexual differences among species 
of Orussonia. 

Orussonia ruficaudata Schmidt and 
Gibson, new species 

(Figs. 1, 2) 

Holotype female: [Australia] ‘“Lakes En- 

trance, October 1919, V. [Victoria], F.E. 

Wilson”; “Ex. Coll. Nat. Mus”; “Holotype 
Orussonia ruficaudata Riek’; ‘‘“manuscript 
name”; “Holotype Orussonia ruficaudata 
Schmidt & Gibson”. Condition of holo- 

type: right antenna missing beyond scape; 
mounting pin through mesoscutum me- 

dially. Type deposited in the Australian 
National Insect Collection, Canberra. 

Female.—Body length 8.5 mm. Dark 
brown to black with following yellowish 
to orange-brown: labrum and labiomaxil- 
lary complex, antenna except segment 

nine and apical margin of segment eight, 

tibiae and tarsi except meso- and metati- 

bia darker basally, apical two abdominal 

segments entirely and sternites 3-5 large- 

ly. Forewing hyaline with brownish re- 
gion behind costal vein and large brown- 
ish region beyond stigma; stigma black. 

Face (Figs. 1, 2) flat with shallow, dense, 

almost alveolate punctures separated by 

interspaces which are narrower than di- 
ameter of a puncture; punctures each with 

single seta. Vertex with distinct, dark red 
coronal teeth. punctate, 

punctures of different sizes and_ partly 
confluent, and with smooth band medially 

and paralaterally near parapsidal line. Ab- 
domen with basal two tergites rugulose 

except medially and apically coriaceous to 

Mesoscutum 

imbricate; remaining tergites primarily re- 

ticulate-coriaceous but with obscure, par- 
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amedial, transverse punctate-rugose line 
anteriorly on tergites 3-5. 

Male.—Unknown. 

Remarks.—In addition to the two fea- 
tures used to differentiate females of O. 
ruficaudata and O. depressa in the key, the 
single female of O. ruficaudata also has 
more distinctly differentiated punctures 
on the mesoscutum. The two O. depressa 
females have a more rugose mesoscutum. 
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Spermatodesmata of the Sawflies (Hymenoptera: Symphyta): 
Evidence for Multiple Increases in Sperm Bundle Size 

NATHAN SCHIFF, ANTHONY J. FLEMMING, AND DONALD L. J. QUICKE 

(NS) U.S. Forest Service, Southern Research Station, Center for Bottomland 

Hardwoods Research, P.O. Box 227, Stoneville, MS 38776, USA; (AJF) Department of Biology, 

Imperial College at Silwood Park, Ascot, Berkshire SL5 7PY, U.K.; (DLJQ) Unit of Parasitoid 

Systematics, Department of Biology, Imperial College at Silwood Park, Ascot, Berkshire SL5 
7PY, UK, and Department of Entomology, The Natural History Museum, 

London SW7 5BD, UK 

Abstract.—We present the first survey of spermatodesmata (bundles of spermatozoa connected 

at the head by an extracellular ‘gelatinous’ matrix) across the sawfly superfamilies. Spermatodes- 
mata occur in all examined taxa within the sawfly grade (Xyelidae-Orussidae inclusive), but are 

not found in the Apocrita. Using DAPI staining, the numbers of individual sperm per sperma- 
todesm were calculated and the values obtained are mapped on to the current phylogenetic hy- 
pothesis. The plesiomorphic spermatodesm in the Hymenoptera, based on that observed in the 
putatively basal family Xyelidae, contains relatively few sperm, approximately 16. However, in 

the Tenthredinoidea and in the Siricidae, far larger numbers are found, reaching up to 256 in the 

Cimbicidae. 

In many insects, mature sperm released 
from testicular follicles are neither free in- 

dividuals nor packaged into variously 
complex spermatophores, but are ar- 
ranged in organised bundles with their 
anterior ends embedded in an extracellu- 

lar cap. These structures, called sperma- 

todesmata (spermatodesm singular), oc- 

cur, amongst others, in at least some mem- 

bers of the Collembola, Orthoptera, Dip- 

tera, Coleoptera, Lepidoptera and 

Hymenoptera (Jamieson 1987). Within the 

Hymenoptera, spermatodesmata appear 

to be limited to the basal sawflies (Quicke 

et al. 1992, Quicke 1997), and they have 

not been observed in members of the ‘Eva- 

niomorpha’ (Stephanoidea, Megalyroidea, 
Evanioidea and Ceraphronoidea exam- 

ined), proctotrupoid sensu lato (Diapriidae, 
Proctotrupidae, Heloridae and Scelionidae 

examined), chalcidoid, cynipoid, ichneu- 

monoid or aculeate groups (Quicke et al. 

1992, Newman and Quicke 1998, 1999a,b, 

2000, Lino-Neto et al. 1999, 2000a,b). 

Until now, spermatodesmata have only 

been characterised in a few sawrflies, al- 

most entirely as part of ultrastructural in- 

vestigations using transmission electron 

microscopy (Quicke et al. 1992, Newman 
and Quicke 1999a), but the data obtained 

are not normally easily interpreted in 
terms of the actual size and structure of 

the spermatodesm. However, it was ap- 

parent that spermatodesmata vary in both 
size (i.e. number of individual sperm in- 

volved) and shape. For example, in most 

taxa examined the spermatodesmata re- 

semble a tuft of grass with their acrosomes 

embedded in an extracellular cap and the 
nuclei and tails splaying out posteriorly. 

However in the cephid, Ceplius pygmaeus, 

the whole spermatodesm is very elongate, 

several times longer than an individual 

sperm, and sperm are inserted along a 

thin central extracellular 

(Quicke et al. 1992). 

Sperm produced in a given follicle are 
all derived from cell divisions from a sin- 

matrix core 
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gle spermatogonial cell (see Quicke 1997). 

Because these cell divisions occur synchro- 

nously within a follicle and each sperm 

mother cell in each follicle undergoes a 

fixed number of cell division rounds, the 

numbers of sperm per spermatodesm are 
expected to be 2" where n is the number 

of rounds of spermatocyte division. 

Counting the numbers of sperm in each 

spermatodesm was not straight-forward 

for most taxa because when stained using 

traditional dyes, the mass was so opaque 
with overlapping nuclei and tails that in- 
dividual cells could not be distinguished 
and counted. We have therefore employed 

a fluorescence staining technique in order 
to measure the total DNA content of the 

spermatodesm and divided that by the 

DNA content of an individual sperm nu- 

cleus. For a few taxa that were no longer 

available for the current study, we have 

included some crude estimates of sperm 
number obtained from transmission elec- 

tron microscopy of transverse sections 

(Quicke et al. 1992, Newman and Quicke 

1999a). However, these are likely to be un- 

derestimated, because more posteriorly in- 

serted sperm may not have been sec- 

tioned. 

MATERIALS AND METHODS 

Materials.—The following taxa were ex- 
amined. Xyelidae: Xyela sp., Colorado; 
Tenthredinidae: Tenthredo xantha Norton, 

N California; Strongylogaster distans Nor- 
ton, S California; Dolerus tejoniensis (Nor- 

ton), S California; Pergidae: Acordulecera 

sp., Illinois; Cimbicidae: Trichiosoma trian- 

gulum (Kirby), NW _ California; Cimbex 
americanum Leach, NW California; Anax- 

yelidae: Syntexis libocedrii Rohwer, Califor- 
nia; Xiphydriidae: Xiphydria abdominalis 
Say, Illinois; Xiphydria maculata Say, \\li- 

nois; Orussidae: Orussus thoracicus (Ash- 

mead), N California; Orussius occidentalis 

(Cresson), N California. It should be noted 

that males of many sawflies are taxonom- 
ically difficult to segregate and at present 

species-level identifications are not always 
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possible. Voucher specimens have there- 
fore been deposited in the United States 
National Museum (Washington D.C.). 

Light microscopy.—Vas_ deferentia and 
testes were dissected from living sawflies 
in insect saline (Clark et al. 1979) and 

teased apart on a clean microscope slide. 
After a few minutes to allow the sperm/ 
spermatodesmata to swim free of the dis- 
rupted tissue, the slides were heat fixed on 
an hot plate at approximately 80°C. These 
slides were stained with a 0.007mg/ml so- 
lution of 4',6-diamidino-2-phenylindole 

dihydrochloride (DAPI) and viewed with 
a Leitz epifluorescence microscope at x 

1000 (as in Flemming ef al. 2000). This 
stain specifically binds to double stranded 
DNA and fluoresces under UV light (Figs. 
1, 2). Images of stained spermatodesmata 

were captured using a CV-M300 video 
camera, and a Scion LG3 frame-grabber 

mounted in a Power Macintosh running 

Scion Image 1.62a. Care was taken to en- 
sure that, in each frame, both a complete 
spermatodesm and an isolated sperm cell 
was present (This was not possible for 
Acordulecera where only one isolated 
sperm nucleus could be found). Before 
capturing, the image was adjusted to min- 
imise pixel saturation and these adjust- 
ments affected the spermatodesm and iso- 
lated sperm cell in each image equivalent- 
ly. A densitometric value for both the 
spermatodesm and the sperm nucleus was 
determined (the product of area measured 
in pixels and staining intensity) and the 
number of sperm in the spermatodesm de- 
rived by dividing the two values. On av- 
erage four images per species were ana- 
lysed. For one species, Xiphydria maculata, 
it was possible to make a direct count of 
sperm nuclei present in the spermato- 
desm. Comparison of this value with that 
obtained densitometrically (35 + 7 (95% 

confidence interval) and 33 + 3 (95% con- 

fidence interval) respectively) confirms the 
accuracy of the technique. Basic statistics 
were calculated using Excel 98 (Microsoft). 

Making the assumption that DNA 
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Fig. 1. Fluorescence images of DAPI-stained sperm nuclei in spermatodesmata of sawflies investigated: A, 

Acordulecera sp. (Pergidae); B, Trichiosoma triangulum (Cimbicidae); C, Strongylogaster distans (Tenthredinidae); 

D, Dolerus tejoniensis (Tenthredinidae); E, Tenthredo xantha (Tenthredinidae); F, Cimbex americanum (Cimbici- 

dae). 

(chromatin) is densely packed in sperm 
nuclei, and since we have no a priori rea- 

sons to expect differences in DNA density 

between taxa, we used sperm nucleus size 

as a surrogate for haploid DNA content. 

RESULTS 

The sperm heads are inserted through- 
out the cap of the spermatodesmata, with 

those sperm located more centrally being 
inserted more anteriorly (Figs. 1, 2). For 

Xyelidae, Anaxyelidae, Xiphydriidae and 
Orussidae, the spermatodesmata are elon- 

gate structures, in the case of Orussus, the 
sperm appear to be inserted in the cap in 
a spiral configuration rather as if a cylin- 
drical roll of paper was ‘pulled out’ from 

the middle. Tenthredinoid spermatodes- 
mata are far wider and the larger ones (i.e. 

those with a larger number of sperm; Fig. 

1a,b,f) dry on to the slides as rosette like 
structures. Although the centres of these 
appear empty in DAPI-stained material, 
transmission electron micrographs (New- 
man and Quicke 1999a) suggest that this 

is the region where the acrosomes are in- 

serted in the extracellular matrix of the 

cap. 
Results of numbers of sperm per sper- 

matodesm are shown graphically in Fig. 3. 

Visual inspection of numbers (which as 

explained above are expected to be integer 

powers of 2) suggests that for Xyela, the 

number is 16, for Orussidae, Anaxyelidae 
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Fig. 2. Fluorescence images of DAPI-stained sperm nuclei in spermatodesmata of sawflies investigated: A, 

Xyela (Xyelidae); B, Syntexis libocedrii (Anaxyelidae); C, Xiphydria abdominalis (Xiphydriidae); D, Xiphydria ma- 

culata (Xiphydriidae); E, Orussus occidentalis (Orussidae); F, Orussus thoracicus (Orussidae). 
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Fig. 3. Plot of numbers of sperm per spermatodesm for sawfly taxa ranked according to spermatodesm size. 
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Mean Nuclear Size 
(+ 95% Confidence Interval) 

Nuclear Size (Pixels) 

Fig. 4. 

and Xiphydriidae, it is 32, for Tenthredi- 

nidae the number ranges from 128 to 256, 

for Pergidae 64 and for Cimbicidae, 256— 

512. Visual inspection of toluidine blue 
stained slides of two other tenthredinids 

(Rhogogaster californica (Norton) and a Ten- 
thredo that was either T. lacticincta Cresson 

or T. varipicta Norton) suggests that they 
have the same number of sperm per sper- 
matodesm as T. xantha. 

Counts of the number of pixels occu- 

pied by isolated sperm nuclei (Fig. 4) al- 
low us to estimate nuclear DNA content. 

The distribution is suggestive of a trend 

among the sawflies in that Xyela, the most 
basal genus, has the largest nucleus and 
Orussus, the most derived genus has the 

smallest nucleus. 

Although we have not been able to uti- 
lise the present technique to quantify sper- 
matodesm size in the Cephoidea or Siri- 

cidae, inspection of the stained light mi- 
crographs and of transmission electron 
micrographs for these two superfamilies 
respectively (Quicke et al. 1992, Newman 

and Quicke 1999a) indicate that both of 

Plot of mean nucleus size, a surrogate for DNA content, for individual sperm in each sawfly taxon. 

these have rather large numbers of sperm 

per spermatodesm. Our best estimates 

were taken as the smallest power of two 

larger than the definite minimum number 

of individual sperm within a micrograph 

of a spermatodesm. The sperm tails are 
relatively straight for a distance after 
emerging from the sperm head and in our 
micrographs the spermatodesmata were 
reasonably isolated so we do not believe 

that there is any reason why that sperm 

number will have been over-estimated. 

For the cephid, Ceplius, this is 128 (based 
on a count of 93 sperm tails), and for the 

siricid, Tremex, it is 512 (based on a count 

of c. 400 transverse sections of sperm ina 

largely complete micrograph section). 

DISCUSSION 

Given that we now have a robust phy- 

logenetic hypothesis for the superfamilies 

of sawflies and at least an estimate of fam- 

ily level relationships within the tenthre- 

dinoid lineage (Vilhelmsen 1997, 2000a,b, 

2001), we can consider the evolutionary 

pattern of spermatodesm size (number of 
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16 Xyela sp. 

128 Tenthredo xantha 

256 Strongylogaster distans 
128 Dolerus tejoniensis 
256 Cimbex americanum 
512 Trichiosoma triangulum 
64 Acordulecera sp. 
32 Syntexis libocedrii 
32 Xiphydria abdominalis 
32 Xiphydria maculata 
32 Orussus occidentalis 
32. Orussus thoracicus 

16 Xyela sp. 

128 Tenthredo xantha 

256 Strongylogaster distans 
128 Dolerus tejoniensis 
256 Cimbex americanum 
312 Trichiosoma triangulum 
64 Acordulecera sp. 
?128 Cephus 
32 Syntexis libecedrii 
?512 Tremex 
32 Xiphydria abdominalis 
32 Xiphydria maculata. 
32 Orussus occidentalis 
32 Orussus thoracicus 

Number of sperm per spermatodesm shown on the independently obtained cladogram of sawfly 

relationships (from Vilhelmsen 1997, 2001), showing in (a) only data obtained from DAPI-staining, and (b) 

with values for additional taxa based on other estimation techniques incorporated. 

sperm included). Unfortunately, there is 

considerable uncertainty about what con- 
stitutes a suitable outgroup for the Hy- 
menoptera, and if one accepts a currently 

common view that the order is the sister 

group of the remainder of the Holometa- 

bola, then there is too much variation with 

this putative sister group to use it as an 

outgroup for the purposes of the current 

analyses. Therefore we base our interpre- 
tations on the likely ancestral state in the 
order on the state shown by the Xyelidae 
which display the most putatively ple- 
siomorphic character states of any of the 
extant Hymenoptera. Visual inspection of 
the DAPI sperm-quantification data 

mapped on to Vilhelmsen’s (loc. cit.) in- 

dependently derived sawfly phylogeny 
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(Fig. 5a) suggests that the groundplan 
spermatodesm size for sawflies is low (16 

or 32), but that there has been a general 

increase within the Tenthredinoidea 
(range 64-512) and that particularly large 
numbers (256-512) have evolved at least 

twice within this superfamily. However, 

incorporating estimates of sperm number 
for Cephus pygmeus (Cephoidea) and Tre- 

mex sp. (Siricidae) into Vilhelmsen’s phy- 
logeny (loc. cit.) (Fig. 5b) tends to confuse 

the picture in that it is equally parsimo- 
nious that there was a marked increase in 

sperm number per spermatodesm above 
the Xyelidae, and that there were reversals 

to lower numbers in the Anaxyelidae and 
Xiphydriidae + Orussidae as for multiple 
increases from a groundplan of 16 or 32 
(viz in the Tenthredinoidea, Cephoidea 

and Siricidae). 

Denser taxon sampling may help to 
clarify the above issues and may also pro- 
vide additional phylogenetic evidence 
within some groups, especially within the 

Tenthredinoidea. Future work will exam- 
ine nuclear DNA content across the Hy- 
menoptera in more detail (Schiff, Flem- 
ming and Quicke in preparation). 
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First Biological Data for Aspilodemon Fischer (Hymenoptera: 
Braconidae: Hydrangeocolinae): Parasitoids of Cecidomyiid Fly Galls 

on Asteraceae in Brazil 
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Abstract.—Biological data for the hydrangeocoline braconid genus Aspilodemon Fischer are re- 

ported for the first time. An Aspilodemon sp. from Brazil is reported as a parasitoid of three species 

of Liodiplosis spp. (Diptera: Cecidomyiidae) which induce galls on leaves of the liana, Mikania 
glomerata (Asteraceae); it does not attack other gall-forming cecidomyiids on the same plant, and 

evidence suggests that it is ectoparasitic although direct observations of parasitoid larvae have 
not been made. How this affects our understanding of the evolution of gall formation and aphid 

parasitism by braconids is discussed. 

The Hydrangeocolinae are a recently 
recognised subfamily of braconid wasps 
(Dowton et al. in press, Belshaw and 

Quicke in press), to date known from 

three genera, each with a southern distri- 

bution, viz Hydrangeocola Bréthes ( = Ke- 

phalosema Fischer) from Chile, Aspilodemon 

Fischer, from Central and South America 

and Opiopterus Szépligeti (see Wharton 
1993, Whitfield and Wharton 1997), from 

Australia. Until recently, some of these 
taxa were typically treated under the sub- 
family Opiinae (e.g. Fischer 1966, but see 

Wharton 1988) or more recently the Hor- 

miinae, see e.g. Whitfield and Wharton 
(1997) or Rhyssalinae (Quicke et al. 1997) 

though several of these authors recog- 
nised, they do not fit well into any of these 
(see electronic appendix of Belshaw et al 
2000 for further discussion). Interest in the 

group was recently increased because mo- 

lecular sequence data strongly indicate 
that they are not related to Opiinae, Hor- 

miinae or Rhyssalinae, but instead form a 

sister group to the endemic Australian 
subfamily, Mesostoinae, and that together 

these are the sister group of the well 
known Aphidiinae (Belshaw et al. 2000). 

This newly discovered relationship was 
particularly interesting as it appeared to 

suggest both a Gondwanan origin of the 
Aphidiinae despite their currently pre- 
dominantly northern distribution, and a 

link with galls, because the most primitive 

extant aphids are gall formers, mesostoine 
braconids form galls on Banksia spp. (Pro- 
teaceae) (Austin and Dangerfield 1998) 

and the only hydrangeocoline for which 
some biology is known, Hydrangeocola, has 
been reared from unidentified galls on Hy- 
drangea (Hydrangeaceae) (Brethes 1927). 

Very little is known, however, about the 

biologies of the putatively most primitive 
extant aphidiines, and a direct association 

of any these with gall-forming aphids is 
yet to be confirmed. 

Here we present the first rearing data 
for the genus Aspilodemon based on a 
probably undescribed species from Brazil. 
The species concerned is associated with 

cecidomyiid fly galls on Mikania glomerata 

Sprengel, and the available evidence 
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Table 1. Number of galls collected in each locality during study; gall types are illustrated in Gagné et al. 

(2001). 

Morphological type of gall 

Locality Cylindrical Spherical Conical Leaf/Vein Bud Epidermis Stem 

Parati 2070 1085 0 885 5 53 27 

Itatiaia 1385 468 0 574 1] 17 22 

Pogo 1061 583 TZ 272 5 17 0 

Picinguaba 861 471 188 305 2 38 9 

S. Orgaos 297 361 0 252 2 20 56 
Tijuca 0 6 824 5] 0 141 0 

strongly suggests that it is a parasitoid of 
the fly larva. M. glomerata is a liana species 
belonging to the Asteraceae, and it occurs 
inside and on the edges of forests, flow- 
ering from August to December. The ge- 
nus Mikania has 415 species mainly dis- 
tributed in Central and South America, of 

which 171 species occur in Brazil (King 
and Robinson 1987). M. glomerata ranges 
from north-eastern Brazil down to the 
southern-most part of Brazil and just into 
Argentina and Paraguay (Ritter et al. 
1992). 

MATERIALS 

Voucher specimens of the Aspilodemon 
sp. reared are deposited in each of the fol- 
lowing collections: The Natural History 
Museum, London; the Entomological Col- 
lection of the Laboratorio de Ecologia de 
Insetos, Department of Ecology, Univer- 

sidade Federal do Rio de Janeiro. Morpho- 

logical terminology follows Sharkey and 
Wharton (1997). The D2-D3 285 rDNA 
gene sequence for the species of Aspilode- 
mon referred to here is deposited in EMBL: 
accession number AJ245685 (and has been 

used in phylogenetic analyses of Belshaw 
et al. 2000 and Quicke and Belshaw 1999). 

Study areas and sampling.—The research 
was based in the Atlantic coast (Mata At- 

lantica) forests of Brazil which has one of 

the highest levels of biological diversity in 
the world, and is representative of humid 

tropical forests and their associated eco- 
systems (Mori et al. 1981). The localities 

were (1) Itatiaia National Park, Itatiaia 

County, Rio de Janeiro State; (2) Serra dos 

Orgaos National Park, Teres6polis Coun- 

ty, Rio de Janeiro State; (3) Tijuca National 

Park, Rio de Janeiro County, Rio de Janei- 

ro State; (4) Parati County, Rio de Janeiro 

State; (5) Picinguaba State Park, Ubatuba 

County, Sao Paulo State; (6) Biological Re- 

serve of Poco das Antas, Silva Jardim 

County, Rio de Janeiro State. Four collec- 

tions of galls (one per season—one day in 
the field) were made at each of the first 

five of the above localities: April or May, 
1998 (Autumn), July or August 1998 (Win- 

ter), October or November 1998 (Spring) 

and January or February 1999 (Summer). 

The sixth locality was sampled at monthly 

intervals from February 1996 to October 

1997. Total numbers of each type of gall 
collected at each field site are given in Ta- 

ble 1. 

Eight species of cecidomyiid flies form 
galls on Mikania glomerata in Brazil, and 
the galls of most of these can be distin- 
guished on the basis of their morphology 

and location on the plant (Table 2) (see 

Gagné et al. 2001, in which gall types are 
also illustrated). Cecidomyiid galls were 
collected from M. glomerata plants at six 

localities and reared to discover what par- 
asitoids might be attacking them. Some 

galls were dissected. 

OBSERVATIONS 

Rearings of Aspilodemon.—Rearings are 

summarized in Table 3. The numbers of 

each type of gall collected at each locality 

(Table 1) are estimates of their relative 



128 

Table 2 

glomerata (Astet glomera St 

nyiid fly galls found on Mikania 

iceae) with descriptions of gall loca- 

tion and type 

Super-tribe Cecidomyiidi 

Mikaniadiplosis annulipes (Gagne) leaf vein 

swelling 

Tribe Clinodiplosini 

Liodiplosis cylindrica Gagné—cylindrical leaf 

gall 

L. conica Gagné—conical leaf gall 

L. spherica Gagné—spherical leaf gall 

Tribe Asphondylini 

Asphondylia glomeratae Gagné—vein swelling 

A. moehmi Skurava—stem swelling 

Perasphondylia mikaniae Gagné—bud gall 

Super-tribe Lasiopteridi 

Tribe Alycaulini 

Alycaulus globulus Gagne—leaf epidermis 

swelling 

abundance, and therefore it is clear that 
although the cylindrical gall type was 
more abundant by approximately a factor 
of 2 at the three localities from where most 
individuals of Aspilodemon were obtained 
(Parati, Picinguaba and Poco), the Aspilo- 

demon demonstrated a clear preference for 
the spherical gall type which yielded pro- 
portionately far more wasps (Table 3). 

Except for the only individual obtained 
from the leaf vein swelling or vein swell- 
ing (we could not differentiate these two 
gall types) at Picinguaba, all Aspilodemon 
individual were obtained from the galls 

induced by species of Liodiplosis. As we 
collected and reared many galls it is pos- 
sible that the individual supposed to have 
been obtained from leaf vein swelling or 
vein swelling is a contamination. 
Numerous Chalcidoidea reared 

from the three gall types attacked by As- 
pilodemon; at least 10 species from the con- 

ical leaf gall type alone (taking all locali- 

ties and sampling dates into account). The 

importance of Aspilodemon as a parasitoid 
(in terms of parasitism rate) varied: it was 

the commonest parasitoid reared from the 
spherical and conical leaf galls and the 

fourth commonest in the cylindrical gall. 
Evidence that Aspilodemon ts a parasitoid 

Were 
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Table 3. Total Aspilodemon rearings from cecido- 

mylid galls on Mikania glomerata at each site. 

Morphological type of gall 

Locality Cylindrical Spherical Conical Leaf/Vein 

Parati 19 65 0 0) 

Itatiaia 1 0) 0 0 

Poco 2. 44 8 ) 

Picinguaba 4 9 2 1 

S. Orgaos 0) Z 0 0 

and not a gall-former.—Aspilodemon individ- 
uals were always found inside Cecido- 
myiidae gall chambers, and all the types 
of gall found (Table 1) yielded cecido- 

myiid flies showing that no gall type 
yielded only Aspilodemon and no potential 
hosts. Further, the Aspilodemon species 

was associated with three morphological- 
ly different gall types which would not be 
expected if it was a gall inducer itself. 

Evidence that Aspilodemon may be ecto- 
parasitic.—Aspilodemon pupates inside a 
cocoon which occupies approximately half 
of the cecidomyid chamber. All the endo- 
parasitoids that were also reared (see 

above) pupated inside the cecidomyid 
skin and we could find the cecidomyid 
larval sternal spatula (a strongly scleroti- 
sed thoracic feature) within the galls after 

these endoparasitoids had emerged. When 
Aspilodemon parasitised the cecidomyiid 
no host remains could be found, perhaps 

indicating that the sternal spatula had 
been consumed. 

DISCUSSION 

The discovery that Aspilodemon is asso- 
ciated with galls strengthens the possibil- 
ity that this way of life is the norm for the 
subfamily Hydrangeocolinae. Previously 
published suggestions that Aspilodemon 
belongs to the Opiinae (Fischer 1966) have 

been superseded by both morphological 
(Wharton 1988, Whitfield 1993) and mo- 

lecular phylogenetic analyses (Belshaw et 
al. 2000), which instead support a relation- 

ship with the Australian subfamily Me- 
sostoinae and also with the Aphidiinae. 
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Several transitions to cecidogenesis 
have occurred in the Braconidae: Mesos- 
toinae appear to be exclusively cecidogen- 
ic on Banksia species (Proteaceae) (Quicke 

and Huddleston 1989, Austin and Dan- 
gerfield 1998); the enigmatic genus Moni- 

toriella Hedqvist produces galls on Philo- 
dendron (Liliaceae) (Infante et al. 1995); 

several species of the doryctine genus Al- 
lorhogas Gahan (Macédo and Monteiro, 

1989; Marsh et al. 2000), and another do- 

ryctine, Psenobolus, is an inquiline in figs 
(Ramirez and Marsh 1996) and may be 

partly cecidogenic. Knowledge that at 
least some Hydrangeocolinae (precise bi- 
ology of Hydrangeocola is still unknown) 
are specialist parasitoids of gall-forming 
Diptera while the closely related Mesos- 
toinae are cecidogenic suggests that the 
latter biology could have evolved from the 
former, as has been suggested for cecido- 

genic Eurytomidae (Chalcidoidea). It 
would be interesting to know whether any 
hydrangeocolines have also made _ this 
transition. 

We wish to emphasise that we have not 
yet obtained any strong evidence about 
whether Aspilodemon is ecto- or endopar- 
asitic. Although no host remains were 
found in galls parasitised by this wasp, in- 

dicating that all the host cuticle had been 
consumed, it should be noted that most 
endoparasitic braconids (those belonging 

to the ‘helconoid’ and ‘microgastroid’ 
groups of subfamilies—see Belshaw et al. 
2000), very often emerge from their hosts 
before pupation and have an external 
feeding phase (Shaw and Huddleston 

1991, Shaw and Quicke 2000). So even if 

the sternal spatula has been consumed it 
does not necessarily mean that the para- 
sitoid was not endoparasitic in its earlier 
instars. 

Aspilodemon differs from Hydrangeocola 
in only one fixed character—the fore wing 
pterostigma is narrow but distinct from 
vein R1 in the latter, whereas there is no 

discernible pterostigma in the former. In 
addition, Aspilodemon always lacks fore 
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wing vein 2a, whereas it is present in most 

Hydrangeocola. Given that for both these 
characters, Hydrangeocola displays (at least 

most species) the putatively plesiomorph- 

ic state, it is likely that the species classi- 
fied under Aspilodemon may simply be a 

derived group of species within a broader 
concept of Hydrangeocola. 
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Braconidae, Euphorinae) Parasitizing Nezara viridula Nymphs 
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Abstract.—Aridelus rufotestaceus Tobias is recorded for the first time from Italy as parasitizing 

the pentatomid bug Nezara viridula L. This is the first record of the species in southern Europe 
and the first host data. The species is re-described and illustrated. New information is provided 

on its immature stages, development, and biological control potential. 

Species of the euphorine braconid genus 
Aridelus Marshall are cosmopolitan in dis- 
tribution, but most diversified in tropical 
areas (Shaw 1985). Aridelus species are 

quite distinctive in appearance, and can be 

easily distinguished from other braconids 
by their coarse honey-combed areolate 
mesosomal sculpture in combination with 

the long, tubular first metasomal segment 
and fore wing with a closed second sub- 

marginal cell (Shaw 1997). Their biology 

is not well known but the available re- 

cords indicate that they are solitary koino- 

biont endoparasitoids of heteropteran 
bugs in the families Pentatomidae, Platas- 

pidae, Scutelleridae, and Acanthosomati- 

dae (Kirkpatrick 1937; Shenefelt 1969; 

Papp 1974; Capek and Davidova-Vilimova 

1978; Tobias 1986; Shaw 1988; Maeto and 

Kudo 1992). 

Papp (1965) provided a taxonomic 
monograph of the world species of Aride- 
lus, however, six Afrotropical species de- 
scribed by De Saeger (1946) were not in- 
cluded in Papp’s monograph. Later, Papp 
(1974) erected the genus Arideloides for a 

species from New Guinea, but Shaw 

(1985) transferred the species to Aridelus. 

He (1980) described a new species from 

China, Chou (1987) revised the species of 

Taiwan, and, most recently, Chen and van 

Achterberg (1997) revised the Aridelus spe- 
cies of China. They indicated that about 40 

Aridelus species are now known, of which 

20 are recorded from China. Shaw (1985) 

estimated that there are at least ten un- 

described Aridelus species in the Neotrop- 
ical region. Despite recent taxonomic 

work, until now only one species of Ari- 
delus has been recorded from Europe (She- 

nefelt 1969; Papp 1974; Capek and Davi- 

dova-Vilimova 1978). 

The purpose of this paper is to provide 
new host and distribution records for Ar- 

idelus rufotestaceus Tobias recently discov- 
ered in Italy parasitizing the pentatomid 

bug Nezara viridula (L.). This is the first re- 

cord of the species in southern Europe and 

the first host data. The host, Nezara viri- 

dula, is one of the most serious agricultural 

insect pests worldwide, damaging a wide 

variety of fruit, nut, grain, and vegetable 

crops. It is the primary pest of soybean in 

many parts of the w orld (Todd 1989) and 

it also attacks many wild hosts that serve 

as reservoirs until agricultural crops are 
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available {Jones and Sullivan 1988). In It- 

aly, annual losses due to this pest fluctu- 

ate in relation to changes in population 

abundance of N. viridula (Zandigiacomo 

1990: Colazza and Bin 1990, 1995). Al- 

though this pest has been the focus of nu- 

merous biological control programs, most 

of the recorded biological control agents 
attack the egg stage. The only other par- 
asitoids known to attack the nymphal and 
adult stages of N. viridula are Tachinidae 

and Encyrtidae. Until now no species of 

Braconidae has been discovered attacking 

this host (Jones 1988). 

MATERIALS AND METHODS 

Periodically, during summer and au- 

tumn 1998 and 1999, adults and nymphs 

of N. viridula were collected in the fields 
in Umbria, Lazio and Sicily regions fol- 

lowing the seasonal sequence of host plant 

species. Most of the specimens were col- 
lected on maize and various vegetable 
plants. A study colony of the parasitoid 
was established and maintained in Italy 
by GS. Parasitoids were reared in the lab- 
oratory at a temperature of 24 plus or mi- 

nus 1 degree C, relative humidity 65% 
plus or minus 5%, and light/dark condi- 

tions of 16 hours light and 8 hours dark- 
ness daily. The insects were kept in plastic 
boxes and fed with vegetables and sun- 
flower seeds. Boxes were examined daily 
to collect parasitoid cocoons. Also, each 

day 5 N. viridula nymphs of the same age 
(reared in the laboratory) were exposed to 
a parasitoid female in a plastic box (7 x 

5.5 X 2.5 cm) for 24 h. The parasitized 
nymphs were removed from the box and 
kept separately until appearance of para- 
sitoid cocoons. 

Some nymphs were dissected to observe 
the different developmental stages of the 
parasitoid. For SEM analysis the immature 
stages were fixed in Karnovsky’s medium 

(Karnovsky 1965) for one hour at 4 °C, de- 

hydrated in graded ethanol series, critical- 
point dried, mounted on stubs, coated 

with gold and observed with a Philips EM 
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515 scanning electron microscope. Adult 
specimens were preserved in 95% ethanol 
and sent to SRS for description. Preserved 
adult specimens were transferred to 100% 

ethanol for 24 hours, then into chloroform 

for 30 minutes prior to drying and point- 

mounting to prevent shrinkage. 

Aridelus rufotestaceus Tobias, 1986 
(Figs. 1-10) 

Description of adult female—length of 
body 4.8 mm; length of fore wing 3.5 mm. 
Head: Width of head in dorsal view 2.1 
times its length; length of first flagellom- 

ere 1.5 times length of second flagellom- 
ere; length of first and penultimate flagel- 
lomeres 4.5 and 0.8 times their width, re- 

spectively; median frontal carina weakly 
developed and somewhat obscured by 
coarse punctate sculpturing; vertex sculp- 

ture densely punctate; ocellar-ocular dis- 
tance 4.5 times ocellar diameter; occipital 

carina dorsally well-developed and com- 
plete; length of eye in dorsal view 1.6 
times length of temple; face and clypeus 
scultpture densely and coarsely punctate; 
intertentorial line 1.6 times length of ten- 
torial-ocular line; malar space 0.33 times 
height of eye. Mesosoma: 1.8 times longer 
than wide in dorsal view, densely areo- 
late. Wings: Pterostigma 2.0 times longer 
than wide at midpoint, anterior margin 

distinctly rounded and protruding well 
beyond anterior margin of wing as delim- 
ited by vein C+SC+R; length of marginal 

cell 0.85 times pterostigma length; vein r 
nearly perpendicular to pterostigma and 
2.5 times longer than vein 3RSa bordering 
second submarginal cell dorsally; vein 
3RSb nearly straight basally then curving 
towards wing margin apically; vein m-cu 

slightly antefurcal relative to vein 2RS, 
with very short segment of vein (RS+M)b 

present. Metasoma: Entirely smooth and 

highly polished; length of first metasomal 

segment 7.0 times its width at spiracles; 
metasoma beyond petiole 2.7 times longer 
than wide in dorsal view; ovipositor 

sheath very short, exposed portion about 
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Figs. 1-5. Aridelus rufotestaceus. 1, Eggs with developing embryos, 200. Figs. 2-4. First instar larva. 2, Larva 

still partially surrounded by trophamnion and teratocytes, ventral view, 70. 3, Lateral view, 100. 4, Ventral 
view of head capsule and mouthparts, 170. 5, Third instar larva, antero-ventral view o! head capsule and 

mouthparts, 105%. 

0.5 times length of hind basitarsus. Color: remainder of mesosoma, and ovipositor 

Head, antenna basally, lateral borders of | sheath black; wing venation brown, mem- 

pronotum, legs, and metasoma orangish — brane clear to slightly dusky medially. 
brown; mandible apically, ocellar triangle, Variation.—Body position at death vary- 
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Figs. 6-10. Aridelus rufotestaceus. 6, Third instar larva, ventral view, 11X. Figs. 7-10 Adult. 7, Female near 

Nezara viridula nymph. 8, Propodeum and metasoma, dorsal view, 42. 9, Propodeum, dorsal view, 38%. 10, 

Head, mesoscutum, and scutellum, dorsal view, 42. 

ing from metasoma fully extended poste- dorsally, hind femur, hind tibia, petiole, 
riorly to fully extended anteriorly (ovipo- and dorsum of metasoma posteriorly 

sitional stance) with metasomal petiole more or less infused with smokey black 
bent under mesosoma and apex of meta- pigmentation. In all cases dead preserved 
soma extending well beyond face. Some specimens appear somewhat to have a 
individuals appear darker with the head darker mesosoma; while alive some or- 
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angish brown color shows through the 
darker black pigmentation. Aside from 
genitalic differences, the male is quite sim- 
ilar in form and sculpture, but is much 

lighter in color appearing mostly orange, 
even over the mesosoma where black pig- 
mentation is limited to smokey pigmen- 
tation along the borders of the areolation. 

Description of immature stages.—The egg 
is alecithal (with no visible yolk), oval, 

with a clear chorion through which the 
white embryo and developing tropham- 
nion are visible. The developing embryo 
has a large oval head capsule, followed by 
12 similar undifferentiated body seg- 
ments. The thoracic segments are not vis- 
ibly different from the abdominal seg- 
ments. The trophamnion forms a large 
mass of spongy white teratocytes below 
the embryo, enveloping the embryo pos- 
teriorly. The mature embryo has a thick 
round head capsule with no trace of eyes 
or antenna, deep anterior tentorial pits, 

long sickle-like mandibles, simple mouth 

opening, 11 undifferentiated similar body 
segments, and 12'" segment longer bearing 
anus ventrally and a long tapering caudal 
appendage. The first instar larva is of the 
caudate form, similar to the mature em- 

bryo with a thick round head capsule with 
no trace of eyes or antenna, deep anterior 

tentorial pits, long sickle-like mandibles, 

simple mouth opening, 11 undifferentiat- 

ed similar body segments, and 12" seg- 
ment longer bearing anus ventrally and a 
long tapering caudal appendage densely 
covered with short, thick, flexible setae. 

The first instar has an apneustic respira- 
tory system, with no visible spiracles. The 
body becomes much thicker as the young 
larva feeds and grows. The second instar 

larva becomes hymenopteriform remains 

apneustic. The sclerotized head capsule is 
much smaller, with short mandibles, and 

becomes enveloped by the fleshy first tho- 
racic segment as the larva grows. The sec- 
ond instar larva is yellowish white with 
undifferentiated segments, less distinct 

than in the first instar, and about 5x longer 
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than wide. The caudal appendage is lost. 
The third and final instar larva is also hy- 
menopteriform and apneustic, but thicker 

and more maggot-like. It is tapering at 
both ends and thickest medially, being 
about 3x longer than wide at maturity. 

Biology.—Aridelus rufotestaceus was 
found for the first time in October 1998 
near the Umbria region of Perugia, Italy 

(parasitism rate 4.3%). During the summer 

of 1999 we found the parasitoid in the La- 
zio region (parasitism rate 21.7%) and in 

Sicily (parasitism rate 12.5%). The mature 

egg is usually lemon-shaped, with a ped- 
icel. When the first instar larva hatches 
from the egg, the teratocytes dissociate 
into the hemolymph and increase in size. 
In laboratory conditions the period from 
ege deposition to emergence of the mature 
larva was 23.18 plus or minus 2.77 days 
(n = 37). The mature larva emerges from 

the host through a hole in the interseg- 
mental membrane between the ultimate 
and penultimate segments, crawls away, 
and spins an oval white silk cocoon. After 
emergence of the parasitoid larva the host 
may survive for several days (although 
clearly not in healthy condition). Adults 
emerged from the cocoon in 22.27 plus or 
minus 1.45 days (n = 37). The adult life 

span was, in mean, 212.08 plus or minus 
8.18 days (n = 106) with a range from 6 

to 43 days. Reproduction is parthenoge- 
netic (thelyotokous, or sometimes deuter- 

otokous). In the lab only 3 males were ob- 
tained relative to 200 females. Prior to ovi- 
position females approach potential hosts 
on foot and inspect them, both visually 
and via antennation. Oviposition is typi- 

cally very rapid, lasting a few seconds at 
most, during which the female rapidly ap- 
proaches the host on foot, throws back the 
antennae, flexes the metasoma under the 

mesosoma while both exserting the ovi- 

positor and telescoping posterior metaso- 
mal segments. Eggs are inserted into the 

membranous cervical region between the 

head and thorax or into the intersegmental 

areas of the posterior abdominal region of 
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the host. Supernumerary eggs of larvae 

wel cted from hosts collected in the 

field and in hosts parasitized in the labo- 

ratory, but in all cases only one larva de- 
veloped per host. In the laboratory Aride- 
lus rufotestaceus was able to parasitize 2", 

3, and 4" instar host nymphs, as well as 
adults. Younger instars were more suit- 

able for parasitoid development with 95% 
of 3 instars parasitized and 85.7% of 2°4 
instars parasitized permitting complete 
parasitoid development. The highest mor- 
tality rate recorded for parasitized adults 
was 80.0%. 

Discussion.—Terminology used in the 

description follows that of Sharkey and 
Wharton (1997). This species is a typical 

member of the genus and can be keyed to 
genus without difficulty using the key 
provided by Shaw (1997). This species can 
be identified using the key to Chinese Ar- 
idelus species provided by Chen and van 
Achterberg (1997). In the key to world 

species of Papp (1965) this species keys to 
couplet 23, A. nigrithorax Muesebeck, but 

A. rufotestaceus can be distinguished from 
that species by its lighter colored antenna 

(flagellum entirely black in A. nigrithorax), 

more coarsely sculptured head (head only 
finely punctate in A. nigrithorax), and 
weakly developed median frontal carina 
(strongly developed in A. nigrithorax). A. 

rufotestaceus can be distinguished from A. 

egregrius Schmiedeknecht, the only other 

European species, by its more coarsely 

sculptured head and lighter body (head 

mostly smooth and body black in A. egre- 
gius). The three described North America 
species, A. fisheri (Viereck), A. melanderi 

(Brues), and A. nigrithorax Muesebeck, are 

identical morphologically but differ only 

in color (entirely orange, black head, or 

black mesosoma, respectively). Given the 

wide range of color variations seen in A. 

rufotestaceus, it would seem questionable 
to separate Aridelus species based on color 
alone. Careful field studies are needed for 

the North American species to examine if 
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the observed color forms are related to 

patterns of host use. 

The study of Capek and Davidova-Vi- 

limova (1978) suggested that there are 
four larval instars in A. egregius, but our 
observations suggest only three larval in- 

stars in A. rufotestaceus. Capek and Davi- 
dova-Vilimova defined their instars 1 and 

2 as morphologically similar, but differing 

only in slight differences in the length of 

the mandible. In fact, since their first instar 

was arbitrarily defined as comprising the 
smallest individuals, and was based only 
on 2 individuals (N = 2), their sample size 

was simply too small to demonstrate a sta- 

tistically significant difference between 

their instars 1 and 2. Another possible ex- 

planation is that all their individuals with 
long, fighter-type mandibles and caudal 
appendage belong to the same instar (1) 
and there are only 3 instars. 

It is worth stressing that in Italy no 
braconid has ever been recorded as para- 

sitoid of Pentatomidae. Moreover, since 

1989, the Department of Arboriculture 

and Plant Protection of the University of 

Perugia periodically collected N. viridula 

from the field to assess the parasitization 
level of tachinid flies, and the presence of 

any braconid was never observed. In con- 

sideration of this, we can hypothesize a re- 
cent fortuitous introduction of A. nezara- 

phagus in Italy, as happened in the past for 
the tachinid Trichopoda pennipes F. (Colaz- 
za et al. 1996). Since the parasitoid was al- 

ready recorded from China and Russia, 

this may be a natural range extension 
from eastern areas. Another possibility is 
that the parasitoid may have previously 
been present but made a recent host- 
switch from other hosts. However, no al- 

ternate hosts have yet been found in Italy, 
although the following pentatomids have 
been examined for the presence of the par- 
asitoid: Eurydema oleraceum (L.), Eurydema 

ventrale (Klt.), Eurygaster sp., Graphosoma 

lineatum (L). and G. semipunctatum (F.). 

Material examined for re-description of 
adult—3 females: Italy, Palermo, lab 
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reared ex. Nezara viridula, December 1999; 

5 females, 1 male, same data except Pe- 

rugia, October 1998; 21 females, same data 

except Perugia, August 1999. Specimens 
deposited in University of Wyoming In- 
sect Museum, Laramie; Nationaal Natu- 

urhistorisch Museum, Leiden, The Neth- 

erlands; and Natural History Museum, 

Budapest, Hungary. 
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Abstract.—A new species of euphorine braconid, Streblocera (Asiastreblocera) olivera Quicke 

and Purvis, new species, from Thailand is described and illustrated. This is the first record of the 

genus from SE Asia. The description uses SEM to illustrate several features, including the ovi- 

positor and facial horn for the first time. S. (A.) olivera is distinguished from the other four de- 

scribed members of the subgenus. 

Euphorine braconids are interesting be- 
cause they attack adults of holometabo- 
lous insects and adults and nymphs of 
hemimetabolous ones. Probably related to 
this, the adults show a remarkable range 

of forms which are often believed to be 
associated with host manipulation, includ- 

ing remarkably derived antennae and ovi- 
positors (Shaw 1988). 

Streblocera Westwood is a diverse genus 

of principally tropical species that is cur- 

rently divided into a number of subgen- 

era, largely on the basis of the form of the 

antenna. The hosts of Streblocera species 

appear to be chrysomelid beetle adults 
(Maet6 and Nagai 1985, Shaw 1985), 

though host records are unavailable for 

most species. The subgenus S. (Asiastreblo- 
cera) Belokobylskij was described on the 
basis of a single species from China (S. cor- 
nuta Chao 1964) (Belokobylskij 1987) and 

since then three additional species have 

been described, and collectively the 
known subgeneric range has been found 
to include from Taiwan and Korea (Wang 

1983, Chou 1990, Ku 1997, Belokobylskij 

and Ku 1998). Asiastreblocera differs from 

all other Streblocera in having a facial horn, 

the antenna geniculate at the 1* flagellar 

segment which is not serrate but produced 
into a large ventral, flattened lobe, and in 

having a very short ovipositor that is not 

exserted. Recently we were able to study 
a series of a new species of Streblocera 
(Asiastreblocera) from Thailand collected 

by Dr Doug Yanega (University of Cali- 
fornia, Riverside), and this has given us 

the opportunity to obtain DNA sequence 
data for the subgenus, and to study the 
morphology of its modified antenna and 
ovipositor in more detail using scanning 
electron microscopy. Its D2-D3 285 rDNA 
sequence has been deposited in the EMBL 
database (accession number AJ302831) 

and will be incorporated into a forthcom- 
ing molecular phylogenetic study of the 
non-cyclostome braconids (Belshaw and 

Quicke, in press) and a combined molec- 

ular and morphological phylogeny of the 
Euphorinae (Quicke, Shaw and van Ach- 

terberg in preparation). We are describing 
this species here so as to make its name 

available for future publications. 

TERMINOLOGY AND COLLECTIONS 

Body morphology terminology follows 
Achterberg (1979, 1988); wing venation 

terms used follow Sharkey and Wharton 
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(1997). Collections are abbreviated as fol- 

lows: The Natural History Museum, Lon- 
don (BMNH); University of California, 

Riverside (UCR). 

Streblocera (Asiastreblocera) 

Belokobylskij 

Type species: Streblocera cornuta Chao 1964. 

Diagnosis.—The only euphorine subge- 
nus that has either a facial horn or a single 

or paired ventral projection from the 5" 
metasomal sternite. See Chen and van 

Achterberg (1997) for additional features 

of the subgenus. 

Distribution.—China, Korea, Taiwan, 

Thailand and Vietnam. 

Streblocera (Asiastreblocera) olivera 

Quicke and Purvis, new species 
(Figs. 1-16) 

Holotype female—THAILAND: 2km 
south of Ban Pha Bong (a small town 
south of Mae Hong Son), riparian forest, 
low elevation, 1.vi.2000, coll. D. Yanega 

(BMNH). Paratypes. 2 females, both with 

same data as holotype (one coated in plat- 
inum and used for scanning electron mi- 
croscopy BMNH, the other deposited in 
WER), 

Diagnosis.—This species may be distin- 
guished from all other Streblocera species 
by the possession of a single, non-furcate, 
medio-posterior projection from the 5" 
metasomal sternite. 

Description.—Female. Body length 2.6 
mm and of forewing 2.8mm. Antenna ge- 
niculate, 18-segmented, the terminal fla- 

gellomere partially divided on one side; 
scapus 1.56% longer than 1* flagellar seg- 
ment which is strongly produced ventral- 
ly into lobe; pedicellus with notch ven- 
trally containing discrete row of short, 
erect sensilla (Fig. 7). Scapus with 6-9 di- 

agonal ridges medially (Figs. 2, 6); 1° fla- 
gellar segment with three diagonal ridges 
on the medio-ventral surface of the pro- 
truding lobe (Fig. 5). Head: 1.8 wider 
than medially long (excluding facial horn); 
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1.8 width of mesoscutum; largely 

smooth. Clypeus distinctly protruding 
from plane of face. Face densely setose 
(Figs. 2, 3). Face as wide as eye height; fa- 

cial horn large, up-curved, apically blunt 

(transverse) in dorsal profile, without 
mid-longitudinal ridge (Figs. 1-3). Cheek 

height 0.26 height of eye, 1.0 basal 

width of mandible in frontal aspect. Dis- 

tance between anterior tentorial pits: 

shortest distance from anterior tentorial 
pit to eye = 2.45:1.0. Width of head 2.35 

width of face. Temple strongly narrowed 
behind eyes (Fig. 1). Transverse diameter 
of eye 4.0 length of temple (dorsal view). 

Eye 1.8% taller than wide in lateral aspect. 

Frons rather flat, medially glabrous, with 
slight pitting behind antennal sockets (Fig. 
1). Transverse diameter of posterior ocel- 
lus: distance between posterior ocelli: 

shortest distance between posterior ocel- 

lus and eye = 1:2:3. Occipital carina ab- 
sent medio-dorsally. Mesosoma: 1.7 lon- 
ger (including neck-like pronotum) than 
maximally high. Pronope well-developed 

(Fig. 4). Mesoscutum smooth and shiny, 

virtually glabrous except along notauli 

which are weakly crenulate anteriorly. 
Notauli deep, largely smooth except for a 
few weak crenulae anteriorly; meeting 
medio-posteriorly in front of scutellar sul- 

cus in a weakly depressed area with a few 

striae but no distinct midlongitudinal ca- 
rina (Fig. 4). Scutellar sulcus long, with a 

single median carina (Fig. 4). Scutellum 

rather convex; medioposteriorly with a 

pair of pits (Fig. 10). Propodeum with me- 

dian carina, on anterior 0.6 and with two 

pairs of strong transverse ca rinae; postero- 

medially with several short transverse ca- 

rinae (Fig. 10). Fore wing: Vein 1-SR+M 

absent. Vein SR1 reaching wing margin 

0.52 of distance from apex of pterostigma 

to the wing tip. Vein SR1 1.9 longer than 

m-cu. Vein 2-CU1 4x longer than 1-CU1. 

Vein r arising 0.63 distance from base of 

pterostigma. Pterostigma 3.0-3.1X longer 

than wide. Hind wing: Lengths of veins 1- 

M:1r-m:M+CU 5 .0:4.0:1.0. Legs: Length 



140 JOURNAL OF HYMENOPTERA RESEARCH 

Figs. 1-4. Streblocera (Asiastreblocera) olivera sp. n., female paratype, scanning electron micrographs. 1, Head, 

dorsal view. 2, Head, facial view showing also, medioventral aspect of scapus with ridges, and an attached 

insect larva below mandibles. 3, Head, lateral aspect of facial horn. 4, Pronotum and mesoscutum, dorsal 

aspect. Scale bar (see Fig. 3): 1, 4 = 270 um; 2 

of fore femur: tibia: basitarsus = 2.0:2.35: 

1.0. Hind tibial spurs almost equal in 
length, each 0.25 length of hind basitar- 
sus. Metasoma: First tergite with fine lon- 
gitudinal striation postero-laterally (Fig. 
11);. remaining tergites completely 
smooth; suture between 2nd and 3rd ter- 

430 wm; 3 = 500 pm. 

gites almost indistinguishable. Ist tergite 
1.65 longer than maximally wide; maxi- 
mum width 3.1 minimum width; dis- 
tance from spiracles to posterior margin of 
tergite 1.25x distance between spiracles; 

dorsopes very deep, separated from each 
other by an internal septum, visible 
through cuticle. 2nd tergite with a single 
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Figs. 5-8. Streblocera (Asiastreblocera) olivera sp. n., female paratype, scanning electron micrographs. 5, 1 

flagellar segment showing 3 ridges on dorso-medial surface. 6, Scapus, pedicellus and base of flagellum, 

arrows indicating ridges. 7, Detail of pedicellus, ventro-lateral aspect showing transverse basal groove with 

row of short sensilla. 8, Anterior mesosoma, lateral aspect. Scale bar (see Fig. 7): 5 

= 30 pm; 8 = 380 pm. 

transverse row of seta subposteriorly (Fig. 
12). Tergites 4 and 5 with distinct medio- 
posterior protuberance (Fig. 12). Sternum 
8 of metasoma with a single, mediopos- 

terior, apically rounded projection. Ovi- 
positor very short, not extending beyond 
the apex of the hypopygium; markedly 

150 wm; 6 = 270 pm; 7 

ypically trans- 

15, 16). Area 

terminal ter- 

Body pale 

dorso-ventrally depressed, 

verse in dorsal profile (Fig: 
between hypopygium and 
gites setose (Fig. 16). Colour: 

brownish yellow, the propodeum medi- 
oposteriorly and the anterolateral parts of 

the 1 metasomal tergite, somewhat dark- 
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Figs. 9-12. Streblocera (Asiastreblocera) olivera sp. n., female paratype, scanning electron micrographs. 9, Me- 
sosoma, wings and 1*t metasomal tergite, dorsal aspect. 10, Scutellum, metanotum and propodeum detail. 11, 

I metasomal tergite showing fine lateral striations. 12, Metasoma, showing small medio-posterior protuber- 

ances of tergites 4 and 5. Scale bar (see Fig. 11): 9, 11 

er, the legs and face whitish. Antenna 
brown. 

Male.—Unknown. 

Etymology.—Named after Oliver Purvis. 

DISCUSSION 

Most euphorines have moderately to 
highly modified ovipositors that are as- 
sociated with oviposition into adult in- 

200 ym; 10, 12 = 100 pm. 

sects, and their hosts often have highly 
sclerotized exoskeletons. Thus euphorine 

ovipositors mostly appear adapted to pen- 
etrating intersegmental membranes or 

similar vulnerable places on the host, and 

the typical adaptation is moderate to 
strong lateral compression (see Achter- 

berg and Quicke 2000). A few euphorines 

have solved the problem differently, for 
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Figs. 13-16. Streblocera (Asiastreblocera) olivera sp. n., female paratype, scanning electron micrographs. 13, 

Apex of metasoma, lateral aspect, showing ovipositor (Ov) and protuberance (P) from 5° metasomal sternite 

14, Detail of ovipositor from dorso-lateral aspect. 15, Postero-ventral view of apex of metasoma showing 

showing ovipositor (Ov), protuberance (P), and ‘secretion’ covered seta between ovipositor and ovipositor 

sheaths. 16, Detail of apex of ovipositor showing its dorso-vental compression. Scale bar (see Fig. 15): 13, 16 

= 250 pm; 14 = 300 pm; 15 = 136 pm. 

example, species of Spathicopsis van Ach- esting because it shows that it is possible 
terberg have a dorso-ventrally depressed to evolve from lateral cor ssion (as in 

and apically spatulate ovipositor, though — S. (A.) cornuta Chao ( hen and van 

unfortunately, their hosts are unknown Achterberg 1997: fig 19)—perhaps 

(Chen and van Achterberg 1997). The dor- through an almost cy!ii drical intermedi- 

so-ventral compression in some Asiastre- ate whose mode of function we can not 

blocera, including the new species, is inter- guess at. 



144 

Although there has been speculation 
that the modified antennae in Streblocera 

may be involved in holding their beetle 

hosts, there have been no actual observa- 
tions of this. The presence of diagonal stri- 
ations on both the scapus and the ventral 
surface of the 1* flagellar segment is not 
unique to the new species described here 
(Xuexin X. Chen, personal communica- 
tion) though there function is not known. 
They may be involved in host-restraint/ 
manipulation, but it is also possible that 
they might act as stridules for sound pro- 
duction. 

The setae in the anal area of all speci- 
mens examined are covered with an ap- 
parently congealed substance (Figs. 15, 
16). If this material is a secretory product, 
it be involved in some marking function. 
Unfortunately, such congealed materials 
are often ignored by taxonomists making 
it difficult to assess both their taxonomic 
distribution and how consistent they are 
within a taxon. In addition, S. (A.) olivera 

has the 4'" and 5'* metasomal sternites par- 
ticularly densely setose, but these setae are 
not covered in secretion and their function 
is unknown though they could be sensory. 
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The Afrotropical Species of Leptomastidea Mercet (Hymenoptera: 
Encyrtidae), Parasitoids of Mealybugs 
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Abstract.—The Afrotropical mealybug parasitoids of the genus Leptomastidea Mercet (Encyrtidae) 
are revised and the following six species described as new: ascia, lamto, pondo, tecta, turba and 
usta. Diagnoses are provided for L. abnormis (Girault) and L. jeanneli Mercet, revised status, in 

addition to a key for the separation of females of the eight species of the genus known from the 
region. 

Leptomastidea Mercet is an Old World 
genus, the species of which are all primary 
endoparasitoids of mealybugs (Homop- 
tera: Pseudococcidae). The genus is partic- 
ularly well known through L. abnormis 

(Girault), which has been used extensively 

in the biological control of the citrus 

mealybug, Planococcus citri (Risso), in sev- 

eral parts of the world, including coun- 

tries in North and South America and Af- 

rica as well as Australia (Noyes and Hayat 

1994). Undoubtedly, species of Leptomas- 
tidea also play a role in regulating mealy- 
bug populations in their native environ- 
ment, as in the case of L. usta sp. nov., an 

indigenous species that is part of the com- 
plex of hymenopterous parasitoids asso- 
ciated with citrus mealybugs in certain ar- 

eas of South Africa. 

Apart from the six new species de- 
scribed below, Leptomastidea is known 
from 18 species worldwide, the majority 
of which are found in the Palaearctic and 

Oriental regions. A key to the Palaearctic 

species is provided by Trjapitzin (1989) 

and a detailed account of the Oriental fau- 

na is given by Noyes and Hayat (1994). 

The Afrotropical fauna has not been stud- 

ied in any detail before and was hitherto 

known from only four species: L. abnormis 

(Girault), L. jeanneli Mercet, L. seyrigi Ris- 

bec and L. ambositrensis Risbec, the latter 

two species having since been transferred 

by Noyes and Hayat (1994) to Homalotylus 

Mayr and Rhitidithorax Ashmead respec- 
tively. Leptomastidea jeanneli was synony- 
mized with L. abnormis by Noyes (2000) 

but is treated here as a valid species. 

In addition to numerous specimens col- 

lected by sweeping and Malaise traps in 
West, East and southern Africa, the pre- 
sent study is based mainly on reared 

South African material. There are at least 

three apparently undescribed species 
among the material that have been exclud- 
ed from this study because of the paucity 
of specimens, whereas the specific identity 
of several other specimens could not be 
determined with certainty. In view of the 

difficulties encountered during this study 
in interpreting the nature of certain vari- 

ation it is felt that the identity of these 
specimens is best left in abeyance until ad- 
ditional material, especially host-reared 

series, become available. 

The following acronyms are used in the 

text: BMNH (The Natural History Muse- 

um, London); MNCN (Museo Nacional de 

Ciencias Naturales, Madrid); NMK (Na- 

tional Museum of Kenya, Nairobi); SANC 

(South African National Collection of In- 

sects, Plant Protection Research Institute, 

Pretoria). 
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_Leptomastidea Mercet 

Leptomastidea Mercet 1916: 112. Type species 

Leptomastidea aurantiaca Mercet, by monoty- 

Py: 

lanaomastix Timberlake 1918: 362. Type-species 

Paraleptomastix abnormis Girault, by original 

designation. 

A detailed account of the taxonomic sta- 
tus of Leptomastidea, including a diagnosis 
and key for separating it from other gen- 
era of the tribe Anagyrini, is provided by 
Noyes and Hayat (1994) and need not be 

repeated here. Suffice it to mention that 
Leptomastidea is most closely allied to Gyr- 
anusoidea Compere, the eight Afrotropical 
species of which were treated by Prinsloo 
(1983). Noyes and Hayat (1994) state that, 

pending a phylogenetic analysis of the 
Anagyrini, these two genera may eventu- 
ally be considered synonymous. Judging 
by the extent to which certain characters 
overlap between these genera in some ex- 
tra-limital species there may be justifica- 

tion for such a step. However, as far as the 
Afrotropical fauna is concerned, the two 

genera can be readily delineated and | 
therefore agree with Noyes and Hayat 
(1994) that they should, at least for the 

time being, be treated separately. 

Some of the Afrotropical species treated 
here are structurally very similar, espe- 
cially in taxonomically important charac- 
ters such as the shape and relative dimen- 
sions of the head, antenna, thorax, fore- 

wing venation and ovipositor, and in the 
setation and sculpture of the body. On the 
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other hand, these species differ markedly 
in the maculation of the forewing, the ar- 

rangement of fine and coarse setae on the 
wing disc and, in most cases, colour pat- 

tern of the body. The question is whether 
these differences merely represent infra- 
specific variation and whether those forms 
that are otherwise morphologically very 
similar should therefore be treated as geo- 
graphical races (subspecies) or variants of 
the same species rather than distinct spe- 
cies. This is especially so in the case of L. 
abnormis (Girault) and L. jeanneli Mercet, 

and in the closely allied L. truba sp. nov. 
and L. usta sp. nov. 

The likelihood of these differences being 
of an infraspecies nature has, however, 
been precluded here. In this regard wing 
maculation and setation in particular were 
found to be stable differentiating charac- 
ters, both within populations and between 
geographically widely separated popula- 
tions, with no evidence of any clinal or 
gradual variation being present. This, cou- 
pled to the fact that the forms in question 
are evidently sympatric, renders it unlike- 

ly that they are mere variants or races of 
the same species, and they are conse- 
quently regarded as representing distinct 
species. This does not imply that all ob- 
served differences in colour and wing 
maculation have been interpreted as being 
of an interspecific nature since infraspecif- 
ic variation, usually in the form of colour 

differences within populations, is evident- 

ly also present, as is commonly found in 
various taxa of the Anagyrini. 

KEY TO AFROTROPICAL SPECIES OF LEPTOMASTIDEA 

(based on females) 

1. Forewing hyaline except for an oblique dark cross-band below submarginal vein and a 

dark patch at apex of venation; forewing setation uniform, not forming areas of fine and 
coarse setae (Fig. 1); hind coxa white 8. pondo sp. nov. 

— Forewing maculation different; forewing setation comprising areas of fine and coarse setae 
(Figs. 2-8); hind coxa brown to blackish-brown 2 

N Forewing with a dark cross-band below submarginal vein and a second, broadly inter- 

rupted band below apex of venation, disc beyond venation hyaline but may appear slightly 



VOLUME 10, NUMBER 2, 2001 147 

1. pondo 2. usta 

3. tecta 4. lamto 

5. abnormis 6. yeanneli 

7. turba 8. ascia 

Figs.1-8. Leptomastidea spp., female (paratypes except in abnormis and jeanneli), forewing, showing macula- 

tion. 

darkened in part because of the presence of coarse dark setae (Figs. 2, 3); mesopleuron 
Ola Se Ore ir. ee. Reatre a rin a ene ey SE EMG esd is wig ohh Sete Gl Pa eM MR ages RS RE 3 

— Forewing maculation different, wing disc beyond venation partly infuscated (Figs. 4-5); 
mesopleuron always whitish, or pale with dusky suffusions ...............-. Soke cee 28 

3. Gena boldly marked with blackish-brown; ovipositor about as long as middle tibia (Fig. 
Treat eater eae ere ok PS rg Sad nore RS cal ae a ped hw eR A BR 4. tecta sp. nov. 

— Gena white to yellowish without dark markings; ovipositor about half as longs as middle 
ssloxicly (elk si 6S)) ae aeae nea ie teee itr er Sas Pec one eee ae ee ee _ 3. usta sp. nov. 

4. Apical half of forewing fuscous with a large, oblique hyaline area extending /rom anterior 
wing margin to near posterior margin as in Fig. 4, extreme apex of wing @lso hyaline in 

some specimens; ovipositor about one-third as long as middle tibia (Fig. 20) ......-.-. 

Se eh ee eee cae en ae ee ee eee ; 7. lamto sp. nov. 
— Apical half of forewing with maculation different (Figs. 5-8); ovipositor about half as long 

Bomnidelle tibias2 oactesuesa peed Qe deere Steed Wee Ween ds ble oly eae Coie eee ee 5 
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vith dark cross- band below apex of venation broadly interrupted near posterior 

wing margin as in Figs. 7, 8 

band below apex of forewing venation complete or narrowly interrupted (Figs. 5, 6) 

about 3.0-3.3 X as long as broad, disc beyond venation hyaline with a large subapical dark 
Patch at anterior wine Mareinas In ig. 724 i dre s Gow tic ms akiew ade 4 soca. TOE Sp. MOV, 
Thoracic dorsum and gaster entirely blackish-brown to black; forewing broader, less than 

3 X times as long as wide, disc beyond venation with an interrupted subapical cross-band 

band as in Fig. 8 6. ascia sp. nov. 

Forewing with dark cross-band below apex of venation at right angles to anterior wing 

margin, parallel-sided; sub-apical cross-band entire, not interrupted in middle (Figs. 6, 9) 

2. jeanneli Mercet 

Cross-band below apex of venation not parallel-sided but broadening towards posterior 

wing margin; sub-apical cross-band interrupted in middle by a hyaline streak (Fig.5) 

1. Leptomastidea abnormis (Girault) 
(Fig. 5) 

Paraleptomastix abnormis Girault 1915: 184. 

Tanaomastix abnormis (Girault): Timberlake 

1918: 364. 

Leptomastidea abnormis (Girault): Mercet 1924: 

255-256. 

Leptomastidea aurantiaca Mercet 1916: 113-116; 

Mercet 1924: 255 (synonymy). 

Diagnosis.—Female. Head yellowish with 
face, temple and gena whitish in most 
specimens; antenna with radicle dark 
brown; scape white below, upper sides 

and dorsal aspect dark brown; pedicel 

with basal half dark brown, apical half 
white; flagellum brownish with basal two 

funicle segments and club usually darker 
than remaining segments. Thoracic dor- 
sum yellowish with mesonotum strongly 
suffused with dark brown; propodeum 
dark brown; side of thorax largely whit- 
ish. Forewing with three dark cross-bands 
as in Fig. 5, intermediate one oblique, 

broadening towards posterior wing mar- 
gin; both intermediate and = sub-apical 
bands narrowly interrupted, former near 

posterior wing margin, latter in middle; 

sub-apical band distinctly broader than 
hyaline area separating it from apical 
wing margin. Legs whitish with middle 
and hind coxae brown and dorsal margin 

1. abnormis (Girault) 

of all femora darkly outlined; basal half of 

gaster whitish, apical half strongly suf- 

fused with dark brown. 

Male.—Colour: much as in female ex- 

cept: legs entirely white, middle and hind 
coxae not dark; sub-apical cross-band on 
forewing faint, usually indistinct; gaster 
more extensively darkened. 

Material examined.mKENYA: Sabukia, 

xi. 1931, H.C. James, ex Pseudococcus citri 

( = prob. Planococcus kenyae (Le Pelley)) on 

Coffea arabica (1 male, det. C. Ferriére). 
SENEGAL: locality unknown, v.1981, J. 

Etienne, ex Ferrisia virgata (Cockerell) (2 fe- 

males, 2 males; T 6324). SOUTH AFRICA: 

Western Cape Province: Paarl, 1.1975, G.L. 

Prinsloo, ex Planococcus ficus (Signoret) on 
grapes (3 females, 1 male; T 5153); Citrus- 

dal, vi.1971, F. Honiball, ex Planococcus ci- 

tri on citrus (2 females, 2 males; T 3854); 

same data except v.1971 (2 females, 2 

males; T3808); Northern Province: Zebe- 

diela, vi.1966, H. Baas, ex mealybugs on 

citrus (3 females, 1 male; T 2342); Mpu- 

malanga Province: Nelspruit, v.1972, H.P. 

Insley, with scale insects on Maytenus sp. 

(1 female, 1 male; T 4353); North West 

Province: Rustenburg, xi.1971, C.J. Cilliers, 

ex mealybugs on citrus (3 females, 1 male; 

T 4014); same data except i.1972 (5 fe- 

males, 1 male; T 7110); Gauteng Province: 
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Figs. 9=13. 

149 

Leptomastidea spp., females. 9, L. jeanneli, lectotype, forewing, showing maculation. 10-13. L. usta 

paratypes. 10, Head, frontal view. 11, Mesonotum with sculpture of mesoscutum and scutellum enlarged. 12, 

Apex of forewing venation. 13, Ovipositor and middle tibia drawn to the same scale. 

Pretoria, vi.1965, S.W. Broodryk, host un- 

known (1 female, 1 male; T 1980). UGAN- 

DA: Kiki, vii.1971, K. Ogwaro, with scale 

insects on citrus (1 female; T3912). All 

specimens in SANC. 
Extra-limital Material—AUSTRALIA: 

Palmwoods, Queensland, iii.1978, D. Mur- 

ray, ex Planococcus citri on custard apple 
(6 females; T 5269). ISRAEL: Neot Haki- 

kar, xi.1980, Y. Ben-Dov, with scale insects 

on Phoenix dactylifera (2 females, 1 male; 

T6232). USA: “Whittier, Calif. 1922, Rust, 
ex Pseudococcus citri’’ (10 females, 10 

males; df 4274). All specimens in SANC. 

Remarks.—This well known economical- 
ly important species was originally de- 
scribed from Sicily and subsequently in- 
troduced to various parts of the world (in 
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many cases via laboratory stocks obtained 
from California) for the control of Plano- 

coccus citri and other mealybug species. A 
summary of the literature pertaining to 

the use of L. abnormis in biological control 

worldwide is provided by Noyes and 
Hayat (1994). 

Within the African context, L. abnormis 

was imported into South Africa between 

1934 and 1940 for the control of Planococ- 

cus ficus (thought to be P.citri) on grapes 

in the Western Cape Province where it be- 

came established. It was never deliberate- 

ly released against P. citri on citrus but is 

now found in association with this pest 
throughout the citrus-growing areas of the 
country. Other introductions into Africa, 

which took place during the first half of 

the previous century and regarded as hav- 
ing been unsuccessful (see Noyes and 

Hayat 1994), were to Ghana and Kenya for 

the control of Planococcoides njalensis 

(Laing) and Planococcus kenyae respective- 

ly. 

Leptomastidea abnormis has repeatedly 
been redescribed and illustrated in the lit- 

erature, with recent accounts by Noyes 

(1988, 2000). Suffice it to mention that this 

species can be distinguished from its Af- 
rican congeners by the foregoing diagno- 
sis and key. Its relationship with L. jeanneli 
Mercet, with which it was synonymyzed 
by Noyes (2000), is discussed in the treat- 

ment of the latter species below. 

2. Leptomastidea jeanneli Mercet, 
revised status 

(Figs. 6, 9) 

Leptomastidea jeanneli Mercet 1924: 256-258; 

Compere 1939: 25; Noyes 2000: 138 [as a ju- 

nior synonym of L. abnormis (Girault)]. 

Redescription.—Card-mounted female lec- 
totype. Length: 1.0 mm. Colour: Head en- 

tirely whitish, obviously faded; antenna 

uniformly blackish-brown except apical 
one-third or so of pedicel white. Thorax, 
propodeum and gaster blackish-brown ex- 
cept mesopleuron and prepectus whitish, 
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tegula white basally, darkly suffused api- 
cally. Forewing with three dark cross- 
bands as in Fig. 9, intermediate one at 
right angles to anterior wing margin, rel- 
atively narrow, parallel-sided, not some- 

what oblique and broader towards poste- 
rior wing margin as in L. abnormis; inter- 
mediate and sub-apical bands not inter- 
rupted; sub-apical band subequal in width 

to hyaline area separating it from apical 
wing margin. Legs with fore coxa whitish, 
middle and hind coxae blackish-brown; 
legs otherwise whitish with hind femur 
entirely blackish-brown and fore and mid- 
dle femora darkly outlined dorsally. Head: 
in dorsal view, twice as wide as frontov- 
ertex at median ocellus; ocelli in a right- 
angled triangle, lateral pair about twice 
own diameter from eye margins; head 
otherwise typical of genus, inner eye mar- 
gins approximately parallel-sided, fron- 
tovertex with regular, raised reticulate 

sculpture; eyes appearing naked. Antenna 
with scape subcylindrical, about 5.5* as 
long as wide; pedicel as long as basal fu- 

nicle segment; funicle segments subequal 
in length, basal one 3.5 as long as wide, 

remaining segments becoming progres- 
sively very slightly broader; club slightly 
longer than distal two funicle segments 
combined; linear sensillae discernible on 
funicle segment VI and club. Forewing 
2.9 as long as wide; costal cell hardly 
discernible; basal triangle of wing disc 

densely and fairly coarsely setose except 
for a narrow bare streak below basal third 
of submarginal vein, this streak separated 
from submarginal vein by a single row of 
setae; areas of wing disc delineated by fus- 
cous cross-bands with dark, fairly coarse 
setae, setae covering hyaline areas fine 
and pale, hardly visible under low mag- 
nification; postmarginal vein approxi- 
mately 3X as long as marginal, a little less 

than twice as long as stigmal vein. Middle 

leg with tibial spur a little shorter than 

basal tarsal segment. General shape of 
thorax and gaster similar to A. abnormis 
and many other species of the genus, 
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sculpture and setation of thorax not clear- 
ly discernible in the card-mounted speci- 

men, but appearing similar to that of the 
latter species. 

Variation.—Female. At hand are a num- 

ber of specimens from Zimbabwe, Kenya 

and various countries in West Africa 

which differ in colour from the female lec- 

totype as follows: antenna with scape and 
flagellum not uniformly dark but scape bi- 
colorous, whitish below, upper sides and 
dorsum _ blackish-brown, funicle entirely 

pale brown or with basal two or three seg- 
ments distinctly darker, club  blackish- 

brown; thoracic dorsum dominantly yel- 

lowish-brown; basal half or so of gaster 

white, apical half blackish-brown; legs, 
save dark middle and hind coxae, entirely 

whitish. Also available is a single addi- 

tional specimen from Zimbabwe which, 

unlike these specimens, differs from the 
lectotype only in the paler thoracic dor- 
sum and bicolorous antennal scape. 

Type material examined.—Female lecto- 
type (MNCN), designated by J.S. Noyes, 
with following data: ‘Naivasha, Africa or. 

Inglesa; Leptomastidea jeanneli Mercet, 

tipo; MNCN Cat. Tipo No. 10434’. 
Additional material—GHANA: Tafo, iv 

and v. 1973, M. Bigger, ex Planoccoides nja- 

lensis (9 females BMNH). KENYA: “‘Don- 

yo, Sabuk, 1939, C 127, A.R. Melville, ex 

Pseudococcus sp. on Combretum, B.M. 

1839-601, Leptomastidea jeanneli Mercet, 

det. Ferriére’’ (4 females; T 6621; SANC). 

NIGERIA: Ibadan, UT Compound, xi.1987, 

J.S. Noyes (19 females; BMNH). TOGO: 5 

km. W Amiame, 16.xii.1988, J.S. Noyes (1 

female; BMNH). SAO TOME: xii.1974, J.O. 
Derron, ex Planoccoides njalensis on cacao 
(1 female; T 4943; SANC). ZIMBABWE: 

Harare ( = Rhodesia: Salisbury), xi.1974, 

ix.1976, ix.1979, 111.1984, A. Watsham (4 fe- 

males; BMNH). 

Remarks.—This species was _ originally 
described from an undisclosed number of 

female specimens from Naivasha, which is 
in Kenya, not Uganda as cited by Mercet 

(1924). The only known type specimen, a 

ol 

lectotype designated by Noyes (1981), is in 

good condition and mounted on a card. 
Leptomastidea jeanneli was recently syn- 

onymyzed with L. abnormis by Noyes 
(2000) who mentioned that the characters 

listed by Mercet (1924) for separating 

these two species fall within the range of 
variation found in L. abnormis. Although 

these two species are indeed very similar, 
I am nevertheless of the opinion that L. 
jeanneli should be surrected as a valid spe- 
cies. I base this decision on the distinct dif- 
ference in the shape of the fuscous cross- 
bands on the forewing, as described above 
and shown in Figs. 5, 6 and 9. I do not 
believe that this difference reflects infra- 
specific variation, especially in view of the 
fact that the characteristic wing pattern in 
L. abnormis is not known to vary signifi- 

cantly, as is evident from the large amount 
of available study material and many pub- 
lished accounts of this geographically 
widespread and experimentally well 
known species. 

The difference in body colour between 
the female lectotype of L. jeanneli and the 
specimens mentioned under ‘’Variation”’ 

is attributed to infraspecific variation on 
the basis of the intermediate colour pat- 
tern of the single specimen from Zimbab- 
we. In this specimen the gaster, legs, and 

antennal flagellum are characteristic of the 

lectotype, whereas the antennal scape is 

bicolorous as in the other specimens from 
Zimbabwe and those from West Africa 

and Kenya. I am also of the opinion that, 

as far as the noted variation in colour is 
concerned, both the lectotype and inter- 

mediate specimen from Zimbabwe repre- 

sent aberrant forms of L. jeanneli, the ““nor- 

mal’ form being represented by the re- 

maining specimens. Interestingly, the se- 

ries from Kenya was identified as L. 

jeanneli by the late Ch. Ferriere, lending 
further support to the present interpreta- 

tion of the taxonomic 

material. 

Compere (1939) recorded this species 

from a short series of specimens from 

identity of the study 
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Kenya and a single female from Eritrea, 

none of which, according to Compere, are 

in complete agreement with Mercet’s de- 
scription of L. jeanneli. | have not seen 
these specimens. 

3. Leptomastidea usta Prinsloo, new 

species 

(Figs. 2, 10-15) 

Description.—Female. Length: 0.7—-0.9 
mm. Colour: Head, thorax and propodeum 

entirely reddish-orange to red except tem- 
ple, gena, mouth margin and area be- 

tween scrobes white to yellowish; tegula 
white to reddish basally, brown apically; 

setae on frontovertex and mesonotum 

white. Antenna with radicle blackish- 

brown; scape white below, upper sides, 
and dorsal aspect from base to near apex, 
blackish-brown; basal half of pedicel 
blackish-brown, apical half white; flagel- 

lum usually brown to blackish-brown ex- 

cept funicle segments II-V or I-VI white; 
flagellum rarely entirely dark. Forewing 
(Fig. 2) with two dark cross-bands, basal 

one (below submarginal vein) strongly 

oblique, distal one (at apex of venation) 
broadly interrupted, wing disc beyond ve- 
nation hyaline but appearing slightly 

darkened in part because of the presence 

of coarse dark setae; hind wing entirely 
hyaline. Legs with fore coxa whitish, mid- 

dle and hind coxae blackish-brown; legs 

otherwise mostly whitish with dorsal mar- 
gins of all femora darkly outlined, middle 
and hind tibiae also somewhat darkened 

in some specimens. Gaster white with api- 

cal third unevenly suffused with brown to 

blackish-brown, base also dark in some 

specimens. Head: in dorsal view, 1.7-1.9x 

as wide as frontovertex at median ocellus; 

ocelli in a right-angled triangle, lateral 
pair separated from inner eye margins by 

about twice own diameter; in frontal view 

(Fig. 10), about 1.2 as wide as long, ma- 

lar space 0.5X eye length; with regular 

more or less circular sculptural cells as il- 
lustrated, the diameter of cells on frontov- 

ertex about the same as that of eye facet; 
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front aspect of head, and eyes, sparsely 
and finely setose, eyes appearing naked 
under low magnification, setae shorter 
than diameter of eye facet. Antenna (Fig. 
15) with scape subcylindrincal, approxi- 
mately 5X as long as wide; pedicel rang- 
ing from as long as to 1.3 as long as bas- 
al funicle segment; funicle segments sub- 
equal in size, basal segment 2.5-3.1x as 
long as wide; club as long as distal two 
and a half funicle segments combined; lin- 

ear sensillae on all club and distal two or 
three funicle segments. Thorax: typical of 
genus, dimensions, sculpture and setation 
of mesonotum as in Fig. 11. Forewing (Fig. 
2) 2.8-3.3X as long as wide; costal cell nar- 

row, barely discernible in basal half in 

most specimens, with a single row of setae 
on ventral margin; venation (Fig. 12) with 

postmarginal vein 1.3-1.6* length of stig- 
mal, 2.5-3.0* as long as marginal, latter 

0.5-0.6x length of stigmal vein; setae in 
area between the two fuscous bands and 
in a large patch beyond venation paler 
and much finer than remaining discal se- 
tae. Ovipositor (Fig. 13): 0.5-0.6* length of 
middle tibia; gonostyli 0.5-0.7 length of 
middle tibial spur, latter subequal in 
length to basal tarsal segment of middle 
leg. 

Male.—Colour: Head with frontovertex 

orange, fading to yellow on face and gena; 
antenna with scape whitish except dorsal 
aspect brown; remainder of antenna 
brown. Thorax, propodeum and_ gaster 
dominantly dark brown to_ blackish- 
brown with yellowish-brown  suffusions 
on sides of mesonotum. Forewing with an 
oblique pale brown band below submar- 
ginal vein as in female and a faint dark 
patch at apex of venation that does not 
form a cross-band. Legs much as in fe- 
male. Structure: Differing from female 
mainly as follows: torulus placed higher 
on face, its lower margin more or less level 
with lower eye margins. Antenna (Fig. 14) 
with scape about 4.5 as long as wide; fu- 
nicle segments subequal in length, each 

about 4x as long as wide; club unseg- 
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Figs. 14-18. Leptomastidea spp. 14-15. L. usta, paratypes. 14, Antenna and sub-basal row of spine-like setae 

on club, male. 15, Antenna, female. 16-18. L. fecta, female paratype. 16, Apex of forewing venation. 17, Ovi- 

positor and middle tibia drawn to the same scale. 18, Antenna. 

mented, as long as distal two funicle seg- 
ments combined; funicle with long, 
curved setae, each about 3X as long as the 

width of a segment; club, apart from nor- 

mal setation, with a longitudinal row of 3— 

4 short straight setae ventrally near base 
(Fig. 14). Forewing slightly broader than 

in female, about 2.5xX as long as wide; 

wing disc uniformly setose, not differen- 
tiated into areas with fine and coarse setae 

as in female. Phaliobase less than half as 

long as middle tibia, digiti each terminat- 
ing in two short, stout hooklets. 

Material examined.—Female holotype, 29 



154 

female, 12 male paratypes as_ follows: 
BOTSWANA: Serowe, ix.1987, P. Forsch- 

hammer (1 female; BMNH). SOUTH AF- 

RICA: Northern Province: Zebediela, vi- 

vii.1966, H. Baas, with Nipaecoccus viridis 
(Newstead) and Paracoccus burnerae 

(Brain) on citrus (holotype, 5 females, 1 

male; T 2343); Zebediela, vi.1981, M. van 

der Kooij, ex mealybugs on citrus (6 fe- 

males, T 6307); Western Cape Province: 

De Doorns, 8.x.1968, V.B. Whitehead, ex 

mealybugs on Elytropappus rhinocerotis 
(L.f.) Less. (1 female, 6 males; T 2763); 

same data except H.P. Insley, 14.11.1969 (1 

female, 2 males; T 2976); Stellenbosch, 

ii.1969, H.P. Insley, ex mealybugs on Stoe- 

be vulgaris Levyns (2 females; T2975); Stel- 

lenbosch, ix.1965, W.B. Whitehead, ex 

Phenacoccus stelli (Brain) on Leucadendron 

daphnoides (Thunb.) Meisn. (1 female; T 

2019); Nature's: Valley,;1n.1970; HP... In- 

sley, ex mealybugs on Metalasia muricata 
(L.) D.Don (2 females; T 3407); Gauteng 

Province: Roodeplaat Dam, nr Pretoria, 

111.1972, H.P. Insley, ex Delottococcus quae- 

situs (Brain) on Acacia sp. (2 females; T 

4293); Kwazulu-Natal: Oribi Gorge, i.1972, 

H.P. Insley, ex mealybugs on Cryptocarya 
weyliei Stapf (4 females, 1 male; T 4191); 

Eastern Cape Province: Willowmore, 
1.1979, C. Kok, with Tachardina sp. on Ely- 

tropappus rhinocerotis (L. f) Less. (4 females, 

2 males; T 7 111). ZIMBABWE: Harare ( = 

Rhodesia; Salisbury), xi.1976, A. Watsham 

(1 female; BMNH). All specimens in 

SANC unless otherwise noted. 

Remarks.—This widespread southern 

African species is readily separated in the 
female from its Afrotropical congeners, 
except L. tecta, by the striking reddish 
head and thorax and maculation of the 

forewing; it differs from L. fecta sp. nov. 
as mentioned in the treatment of that spe- 

cies below. Leptomastidea usta also resem- 
bles L. rubra Tachikawa, which is known 

from the Palaearctic region, closely in 
structure, body colour and general colour 
pattern of the forewing. The two species 
can, however, be distinguished by the 
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maculation of the forewing as follows: in 

L. rubra the infuscation at the apex of the 

venation forms a strongly oblique, incom- 
plete band that extends about half-way 

across wing disc; in L. usta this band is 
almost at right angles to the anterior wing 
margin and, although broadly interrupt- 
ed, extends across the entire width of the 

wing. 

4. Leptomastidea tecta Prinsloo, new 

species 

(Figs. 3, 16-18) 

Description.—Female. Length: 0.7-0.8 
mm. Colour: Head brownish-yellow to 
pale orange with temple white, gena bold- 

ly marked with blackish-brown, this col- 

our extending upwards onto hind margin 
of temple; setae on front aspect of head 
whitish. Antenna with radicle blackish- 
brown; scape with dorsal aspect and up- 
per half of sides blackish-brown, other- 

wise white; pedicel with basal two-thirds 

blackish-brown, fading to white distally; 

flagellum entirely and uniformly blackish- 
brown. Thorax and propodeum orange 
except prepectus and collar of pronotum 
whitish, anterior margin of mesoscutum 

(partly obscured by pronotum) darkly suf- 
fused; tegula whitish to orange basally, 

dusky distally; thoracic setation silvery- 
white. Forewing (Fig. 3) with an oblique 
dark band below submarginal vein and a 
second, broadly interrupted one at apex of 
venation, disc beyond venation hyaline, 

appearing partly somewhat darkened be- 
cause of the presence of coarse dark setae; 
hind wing entirely hyaline. Fore coxa 
mostly whitish, middle and hind coxae 

brown; fore leg white with dorsal and 

ventral margins of femur darkly outlined, 
tibia slightly embrowned in one specimen; 
middle and hind legs whitish with dorsal 
margin of femora darkly outlined and 

hind tibia with dusky suffusions, distal 

one or two tarsal segments dark. Gaster 
white with apical one-third or so blackish- 
brown, extreme base also darkly suffused 
in some specimens. Head: 1.8 as wide as 
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frontovertex at median ocellus, dimen- 

sions, sculpture and setation much as de- 

scribed and illustrated for L. usta. Antenna 

(Fig. 18) with scape 5.5 as long as broad; 
pedicel slightly longer than basal funicle 
segment; funicle segments subequal in 
length, basal segment 3.0-3.3 as long as 

wide; club as long as distal two and a half 

funicle segments combined; flagellum 

finely and fairly sparsely setose as in Fig. 
18; linear sensillae present on club and 
distal three funicle segments in two slide- 

mounted specimens. Thorax: sculpture 
and setation not significantly different 

from that of L. usta. Forewing as in Fig. 3, 

3x times as long as wide, arrangement of 

fine and coarse setae much as in L. usta; 

costal cell narrow but clearly discernible; 
venation (Fig. 16) with postmarginal vein 

1.3-1.4 as long as stigmal, about 3.2 as 

long as marginal, latter 0.5* length of 
stigmal. Ovipositor (Fig. 17): unusually 
long, about as long as gaster and equal in 

length to middle tibia, gonostyli 1.0-1.2x 

as long as middle tibial spur. 
Male.—Colour: Head with frontovertex 

dark yellow, fronto-occipital margin nar- 

rowly outlined in black; face and temple 
white, gena with a bold blackish-brown 

marking as in female. Antenna with scape 

bicolorous as in female, otherwise entirely 

brown. Thoracic dorsum dominantly 

blackish-brown except collar of pronotum 
white, side of mesoscutum and _ postero- 
lateral margins of scutellum narrowly out- 
lined in orange, metanotum orange; side 
of thorax with mesopleuron boldly 
marked with yellow or orange anteriorly, 

otherwise blackish-brown; prepectus 

white. Forewing hyaline with a_ pale 
brown oblique band below submarginal 
vein as in female and a large infuscated 
patch at apex of venation. Legs much as 
in female. Gaster entirely blackish. Struc- 

ture: similar to male of L. usta except phal- 

lobase relatively longer, a little more than 

half as long as middle tibia. 
Material examined.—Female holotype, 3 

female, 4 male paratypes (SANC) as fol- 
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lows: SOUTH AFRICA: Eastern Cape 
Province: Georgida, xi. 1983, G.L. Prins- 

loo, ex Lenania sp. on Salsola glabrescens 
Burtt Davy (T 7112). 

Remarks.—This species, which is known 
only from South Africa, can be separated 
in the female from all the other Afrotrop- 
ical species by the unusually long ovipos- 
itor, whereas the forewing maculation is 

unlike that of any of the extra-limital spe- 
cies. Leptomastidea tecta resembles L. usta 
closely in structure, colour and, perhaps 
most significantly, maculation and _ seta- 
tion of the forewing. It differs from the lat- 
ter species in the genae which are boldly 
marked with blackish-brown, the dimen- 

sions of the antennal segments, and ovi- 
positor which is as long as the middle tib- 
ia, not half as long; correspondingly, the 
phallobase of the male of L. tecta is longer 
than in L. usta. 

5. Leptomastidea turba Prinsloo, new 
species 

(Bigs 7, 19=2 1) 

Description.—Female. Length: 0.8-1.1 
mm. Colour: Head with frontovertex dark 

yellow, fading to white on lower face, 
temple and gena, fronto-occipital margin 
very narrowly darkened; setae silvery- 

white. Antenna with radicle blackish- 
brown; scape with dorsal aspect and up- 
per sides blackish-brown, otherwise 

white; pedicel blackish-brown basally, 
apical half white; flagellum either entirely 
dark brown to blackish-brown or with fu- 

nicle segments III and IV slightly to dis- 
tinctly paler than remaining flagellar seg- 

ments, this variation present in same sam- 

ple of reared specimens. Thoracic dorsum 

and propodeum ranging from dark yellow 
to orange, pronotal collar white 

propodeum behind spir¢ 

sides of 

blackish- 

brown; tegula largely whitish, only apex 

dark; mesonotal setation silvery-white; 

side of thorax whitish. Forewing (Fig. 7) 
with an oblique fuscous cross-band below 

submarginal vein, a second, broadly inter- 
rupted one below apex of venation and a 
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Figs. 19-24. Leptomastidea spp., female paratypes. 19-21. L. turba. 19, Apex of forewing venation. 20, Scutel- 

lum with sculpture enlarged. 21, Antenna. 22-24. L. ascia. 22, Apex of forewing venation. 23, Scutellum with 

sculpture enlarged. 24, Antenna. 

large infuscated patch at anterior margin 
near apex of wing, setae below this infus- 

cated patch darkened, but not wing mem- 

brane; hind wing hyaline. Legs whitish ex- 

cept middle and hind coxae, dorsal mar- 
gins of femora usually, and tarsal tips, 

brown to blackish-brown; gaster with bas- 

al half or so white, apical half blackish. 

Head: 1.9-2.1X as wide as frontovertex at 

median ocellus; lateral ocelli about twice 

own diameter from inner eye margins; eye 
a little more than twice as long as malar 
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space; sculpture much as described and il- 
lustrated for L. usta, diameter of cells on 
frontovertex about equal to that of eye fac- 
et; frontovertex from median ocellus to oc- 

cipital margin with numerous scattered 
setae, remainder of front aspect of head 

sparsely setose; eyes finely and inconspic- 
uously setose, setae shorter than diameter 
of eye facet. Antenna (Fig. 21) with scape 

4.7-5.0X as long as broad; pedicel sube- 

qual in length to basal funicle segment; fu- 
nicle segments subequal in length, basal 
one 3.0-3.5 as long as wide; club slightly 
longer than distal two funicle segments 
combined; funicle usually with linear sen- 
sillae on all except basal one or two seg- 
ments, rarely present on all segments. Thio- 

rax: dimensions, sculpture and setation of 
mesonotum much as in L. usta, cells on 
anterior part of scutellum irregular in 
shape, as shown in Fig. 20. Forewing (Fig. 

7) about 3 as long as wide; costal cell 

very narrow, indiscernible in some speci- 
mens; venation (Fig. 19) with postmargin- 

al vein 1.3-1.4 as long as stigmal, about 

3.5X length of marginal vein, latter 0.5 
as long as stigmal; wing disc densely and 
evenly setose, arrangement of fine and 

coarse setae as illustrated. Ovipositor: al- 
most 0.5x length of middle tibia, gonos- 
tyli 0.5 as long as middle tibial spur. 

Male.—Colour: Differing from female 
mainly as follows: mesonotum not uni- 
formly dark yellow but suffused with 
blackish-brown to a varying degree, gaster 
entirely blackish, its basal half not white; 

forewing with infuscation below apex of 
venation not forming a well defined inter- 
rupted cross-band, but appearing as two 
faint patches, one directly below venation, 

the other at posterior wing margin; disc 
beyond venation hyaline, without a sub- 
apical infuscated patch. Similar to male of 
L. usta in colour and structure, differing 

only in presence of a faint fuscous patch 
at posterior margin of forewing. 

Variation.—At hand are several female 
specimens collected by sweeping from the 
same locality (Harare) in Zimbabwe. 
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These specimens have been excluded from 
the type material, from which they differ 
as follows: front aspect of head entirely 
yellow, not fading to white on face and 
gena; funicle segments [II-V white in con- 

trast to remaining flagellar segments, 

which are blackish-brown; side of thorax 

not entirely white, mesopleuron with 

dusky suffusions; legs with femora entire- 
ly pale, dorsal margins not outlined in 
blackish-brown; scutellum anteriorly with 

sculptural cells more regular in shape than 
shown in Fig. 20; forewing narrower, 

about 3.3 as long as wide. 
These differences are here attributed to 

infraspecific variation, although further 
material, including reared series of both 

sexes, is required to determine the exact 

nature of the variation seemingly present 

in L. turba. This is especially important in 
view of the presence of a further specimen 
from Harare which, unlike the above- 
mentioned material from this locality, 

does not differ from the type specimens. 
Type material examined.—Female holo- 

type, 36 female, 13 male paratypes as fol- 
lows: NAMIBIA: Otavi, ii.1978, C. Kok ex 
mealybugs (10 females, 1 male; T 7114); 
Chorixas, ii.1978, C. Kok ex mealybugs on 

Welwitchia mirabilis Hook. f. (3 females; T 

6061). SOUTH AFRICA: Gauteng Prov- 
ince: Pretoria, iv.1995, O.C. Neser, ex Par- 

acoccus burnerae on Senecio venosus Harv. 
(holotype, 16 females, 11 males; T 7113); 

same data except xi.1988, S. Neser (3 fe- 

males, 1 male; T 6978). ZAMBIA: 15 KM 

e Lusaka, 11-19 and 20-31.11.1980, 
R.A.Beaver (3 females; BMNH). ZIMBAB- 

WE: Harare, vii.1982, A. Watsham (1 fe- 

male; BMNH). Holotype and paratypes in 

SANC unless otherwise noted. 
Non-type material —ZIMBABWE: Harare 

( = Rhodesia: Salisbury), xii.1978, i-iii and 

viii.1979, xi.1980, A. Watsham, by sweep- 

ing (23 females; BMNH). 
Remarks.—This widespread southern 

African species can be separated, in the fe- 

male, from all other species of the genus 
by the maculation and setation of the fore- 
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wing. Structurally it is very similar to L. 
usta, from which it seems to differs only 

in the presence of linear sensillae on one 
or more of the basal three funicle seg- 

ments. Apart from the difference in wing 
maculation, the female of L. turba also dif- 

fers from L. usta in the colour of the head 

and thoracic dorsum which are paler, and 

the mesopleuron which is white, or white 

with dusky suffusions, not reddish. 

6. Leptomastidea ascia Prinsloo, new 

species 
(Figs. 8, 22-24) 

Description.—Female. Length: 1.1-1.4 
mm Colour: Frontovertex orange, fronto- 

occiptal margin broadly suffused with 
blackish-brown, remainder of front aspect 
of head white with gena slightly dark- 
ened; setae on frontovertex and eyes dark. 
Antenna uniformly blackish-brown except 
ventral aspect and lower sides of scape, 
and apex of pedicel, white. Thorax and 
propodeum blackish-brown to almost 
black except: pronotal collar and prepec- 
tus white, tegula whitish basally, other- 

wise dark, mesopleuron entirely whitish, 

or with dusky suffusions; mesonotal setae 
silvery-white. Forewing with three fus- 
cous cross-bands as in Fig. 8, basal one 
oblique, intermediate one (at apex of ve- 
nation) at right angles to anterior wing 

margin, parallel-sided, broadly interrupt- 
ed, the sub-apical band with two narrow 
interruptions; hind wing hyaline with a 
narrow oblique brownish cross-band near 
base. Fore coxa white, middle and hind 

coxae blackish-brown; legs otherwise usu- 
ally sordid white with dorsal margins of 

all femora dark; in some specimens the 

femora, tibiae, and tarsi are more exten- 

sively darkened. Gaster entirely blackish- 
brown. Head: about twice as wide as fron- 
tovertex at median ocellus; lateral ocellus 

1.5-2.0X its diameter from lateral eye mar- 

gin; head with shape and sculpture oth- 
erwise much as illustrated for L. usta ; 

frontovertex fairly densely and strongly 
setose; eye densely and strongly setose, se- 
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tae readily discernible under low magni- 

fication, each seta about as long as the di- 

ameter of eye facet. Antenna (Fig. 24) with 
scape just more than 6X as long as wide; 

pedicel subequal in length to basal funicle 
segment; funicle segments subequal in 
length, basal segment about 3.5 as long 
as wide; club as long as distal two funicle 

segments combined; funicle segments III- 
VI and club with linear sensillae. Thorax: 

shape of sculptural cells on anterior part 
of scutellum as in Fig. 23, more regular in 
shape than in the other species treated 

here. Forewing (Fig. 8) 2.7-2.8 as long as 

broad; costal cell relatively broad, clearly 

visible along its entire length with a single 
row of setae ventrally; venation (Fig. 22) 

with postmarginal vein 1.6 as long as 

stigmal, 3X as long as marginal, latter 
0.5 as long as stigmal; setae (save those 

at base) confined to hyaline areas of disc 
finer and paler than those of infuscated ar- 

eas. Ovipositor: 0.5% length of middle tibia; 
gonostyli 0.6 as long as middle tibial 

spur, latter subequal in length to basal tar- 
sal segment of middle leg. 

Male.—Colour: as in female except fron- 

tovertex more extensively suffused with 

blackish-brown, and infuscated areas on 

forewing paler, sub-apical cross-band in- 
distinctly delineated. Structure: Differing 
from female mainly by slightly broader 
forewing, which is about 2.5 as long as 

broad, and antenna; antenna similar to 

that of male of L. usta, as shown in Fig 14; 

digiti of phallobase each terminating in 

two short, stout hooklets. 

Matertial examined.—Female holotype, 
55 female, 17 male paratypes as follows: 
KENYA: “Aberdare NP, 0.235 36.46E, 10- 

18.11.1999, T.Wagner, Canopy fog Podocar- 
pus latifolius, BMNH 1999-279’’(holotype, 

27 females, 7 males); ‘‘“Gatamayu, Kikuyu 
Esc. 2320m, 0.585 36425, T.Wagner,11.99, 

Canopy fog Podocarpus latifolius, BMNH 

(E) 1999-279" (26 females 7 males); 

“1600m, Mt Kenya NP (WHQ), 0.108 

37.10E, 11.1999, T, Wagner, Canopy fog Po- 
docarpus latifolius, BMNH (E) 1999-279” 
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(2 females, 3 males). Holotype and para- 
types in NMK; paratypes in BMNH and 

SANC. 

Remarks.—The three series on which 

this new species is based are all from cen- 
tral Kenya where they were collected (by 

fogging) on Podocarpus latifolius (Thunb.) 

R.Br. ex Mirb., a gymnosperm which is 
widespread in southern and East Africa. 

The mealybug host of this material is un- 

known, but may be Eastia jouberti De Lot- 
to, the only species of mealybug known to 
be associated with this tree in sub-Saharan 

Africa. 

Leptomastidea ascia appears to be most 

closely allied to L. usta and L. turba and, 

as in these two species, the cross-band at 
the apex of the fore wing venation is 

broadly interrupted. The wing pattern be- 
yond the venation in these three species 
is, however, different. In addition, L. ascia 

is distinguished from L. usta and L. turba 
by its larger size, entirely blackish thoracic 

dorsum and abdomen, dark setae on fron- 

tovertex, densely pubescent eyes, and dif- 

ference in the shape of the sculptural cells 
of the scutellum. 

7. Leptomastidea lamto Prinsloo, new 
species 

(Figs. 4, 26-27) 

Description.—Female. Length: 0.7-1.1 
mm. Colour: Head with frontovertex dark 

yellow from occipital margin to just above 
upper limits of scrobes, lower part of head 
white; setae on frontovertex dark. Anten- 

na, save white apex of pedicel, either en- 

tirely dark brown or with scape white be- 
low along its entire length. Thoracic dor- 

sum variable: more or less concolorous 

with frontovertex or with entire mesono- 

tum, or axillae and scutellum only, with 

brown to blackish-brown suffusions; te- 

gula whitish basally, apical half dark; pro- 

podeum largely blackish-brown; side of 
thorax with prepectus white, mesopleuron 
whitish, with darker suffusions in most 

specimens; mesonotal setae whitish. Fore- 
wing with an oblique dark cross-bands be- 
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low submarginal vein; disc from level of 

apex of ventation fuscous with a large 
oblique hyaline area extending from an- 
terior wing margin to near posterior mar- 

gin, as shown in Fig. 4; in some specimens 

extreme apex of wing also hyaline; hind 
wing palely infuscated near base and 
along anterior margin beyond venation. 

Legs whitish except middle and hind cox- 
ae blackish-brown, dorsal margins of all 

femora, and hind tarsus, with brownish 

suffusions in some specimens. Gaster 

whitish with syntergum and apex black- 
ish-brown. Head: 2.0-2.3X as wide as fron- 
tovertex at median ocellus; ocelli in an ap- 
proximately right-angled triangle, lateral 
pair separated from inner eye margins by 

slightly more than own diameter; head 

with dimensions and sculpture otherwise 
much as illustrated for L. usta; eyes fairly 

densely but very finely setose, appearing 
naked under low magnification, setae 
about as long the diameter of eye facet; 
frontovertex from median ocellus to occip- 
ital margin with numerous long, dark se- 
tae extending along entire length of each 

inner eye margin in a single row; front as- 

pect of head otherwise finely and sparsely 
setose. Antenna (Fig. 27) with scape about 

5.7X as long as wide; pedicel ranging 
from slightly shorter to as long as basal 
funicle segment; funicle segments sube- 
qual in length, basal segment about 4x as 
long as broad; club as long as distal two 

funicle segments combined; linear sensil- 
lae present on club and funicle segments 

II-VI. Thorax: dimensions, sculpture and 

setation of mesonotum much as described 

and illustrated for A. usta. Forewing (Fig. 

4) 2.7-3.3X as long as wide; costal cell 

very narrow, hardly discernible in some 

25) with post- 

marginal vein 1.5-2.0x long as stigmal, 

about 3.3x the length the marginal 

vein; disc with setae confined to the large 

enation much finer, 

specimens; venation (Fig 

hyaline area beyond 

shorter and paler than setae on remainder 

of disc. Oviposito 26): one-third 

length of middle tibia; gonostyli 0.5 X 

(Fig. 
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Figs. 25-30. 
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Leptomastidea spp., female paratypes. 25-27. L. lamto. 25, Apex of forewing venation. 26, Ovi- 

positor and middle tibia drawn to the same scale. 27, Antenna. 28-30. L. pondo. 28, Head, frontal view. 29, 

Antenna. 30, Apex of forewing venation. 

length of middle tibial spur, latter slightly 
shorter than adjacent tarsal segment. 
Male.—Unknown. 

Material Examined.—Female holotype, 

32 female paratypes as follows: CAME- 

ROUN: Nkoemvon, viii.1979, D. Jackson 

(1 female); Victoria Bot. Gardens, 

6.xii.1981, Compton (1 female). GABON: 

Forét de la Mondah, 15-25 km N. Libre- 

ville, 25.xi-3.xii.87, J.S. Noyes (1 female); 

Foret de Sibang, 5km E. Libreville, 30.xi- 

2.xii. 87, J.S. Noyes (1 female). IVORY 

COAST: Lamto, 6.13N 5.02W, xi.1988, J.S. 

Noyes (holotype, 14 females); Sassandra, 
26.ii-1.ii1.1984, M. Matthews (1 female); 

Gagnoa, Antonihio, 2-5.i11.1985, M. Mat- 
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thews (2 females). NIGERIA: Ibadan, Oyo 
St., ITA compound, xi.1987, J.S. Noyes (10 

females). TOGO: 10 km NW Kapalimé, 

xi1.1988, J.S. Noyes (1 female). Holotype 
and paratypes in BMNH; paratypes in 

SANC, 

Remarks.—This species, which is evi- 

dently widespread in West Africa, is sep- 
arated from its congeners by the distinct 
maculation of the forewing, in addition to 

a combination of characters which include 

the generally yellow to brown colour of 
the head and thorax, uniformly dark 

brown antennal flagellum, relatively nar- 

row frontovertex and placement of the 
ocelli, slender funicle segments and short 

ovipositor, as described above. 

8. Leptomastidea pondo Prinsloo, new 
species 

(Figs. 1, 28-30) 

Description.—Female. Length: 0.8—-0.9 
mm. Colour: Head with frontovertex from 

occipital margin to near upper limits of 
scrobes yellow, lower part of head white; 
setae on frontovertex silvery-white. An- 
tenna with radicle brown; scape largely 

whitish, suffused with brown dorsally 
along its entire length, ventral margin 
darkened at apex; pedicel brown with 
apex whitish; funicle segments I-III 

brown, IV-V whitish, VI brown but slight- 
ly paler that basal three segments; club 
brown. Thoracic dorsum with pro- and 
mesonotum yellow, metanotum whitish; 

propodeum whitish with brownish suffu- 
sions posteriorly; tegula white save slight- 
ly darkened apex; thoracic setation sil- 
very-white; side of thorax white. Forewing 
hyaline except for a pale oblique fuscous 
cross-band below submarginal vein and 
dark patch at apex of venation, as in Fig. 
1. Legs white except middle coxa and tar- 
sal tips dark brown. Gaster with basal 
two-thirds or so white, apical third dark 

brown. Head: (Fig. 28) 1.7 as wide as 

frontovertex at median ocellus; ocelli in a 
right-angled triangle, lateral pair separat- 
ed from inner eye margins by about twice 
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their own diameter; head otherwise with 

sculpture and setation much as described 
and illustrated for L. usta. Antenna (Fig. 
29) with scape 4.6 as long as wide; ped- 
icel subequal in length to basal funicle 
segment; funicle segments subequal in 
length, segment I 3x times as long as 
wide; club as long as distal two and a half 

funicle segments combined; club and all 
six funicle segments with linear sensillae. 
Thorax: dimensions, scultpure and setation 
of mesonotum much as in L. usta. Fore- 

wing (Fig. 1) 2.7-2.8x as long as wide; 

costal cell narrow in its basal one-third, 

not discernible in apical two-thirds; ve- 
nation (Fig. 30) with postmarginal vein 
1.6X length of stigmal, 3.3-3.5x as long as 
marginal, latter 0.5% as long as stigmal; 

wing disc fairly evenly and densely setose 
from base to apex, setation uniform 
throughout, not divided into areas of fine 
and coarse setae as in most other species 
of genus. Ovipositor: slightly distorted in 
single slide-mounted specimen, appearing 
about 0.5 length of middle tibia, gonos- 
tyli 0.5 as long as middle tibial spur, lat- 
ter subequal in length to basal tarsal seg- 
ment of middle leg. 

Male.—Colour: Head and thorax much 
as in female; antenna with scape largely 
whitish, otherwise entirely dark brown; 
forewing patterned as in female; legs en- 
tirely whitish except dark tarsal tips, mid- 
dle coxa very slightly embrowned; gaster 
entirely dark brown. Structure: Differing 
from female mainly in toruli which are 
placed higher on face, eyes which are 
slightly smaller and antennal shape: an- 
tenna with funicle segments subequal in 
size, tapering strongly at their apical ends, 
basal segment 5X times as long as broad; 

with of long, funicle clothed whorls 

curved setae, each seta approximately 5x 
as long as the width of a segment; club as 

long as distal two funicle segments com- 
bined with a longitudinal row of four 

spine-like setae near base. Phallobase one- 

third length of middle tibia in single slide- 
mounted paratype. 
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Material examined—Female holotype, 5 

female, 3 male paratypes (SANC) as fol- 
lows: SOUTH AFRICA: KwaZulu-Natal 

Province: Port Edward, 1.1972, FLP. Insley, 

ex mealybugs on Maytenus undata 
(Thunb.) Blakelock (T 4166). 

Remarks.—Leptomastidea pondo, which is 
known only from South Africa, differs in 

the female from other species of the genus 

by the forewing which is mostly hyaline 

except for the presence of a cross-band be- 
low submarginal vein and dark patch at 

apex of venation. It can be distinguished 
further from its Afrotropical congeners in 

the female by the generally pale yellow 
appearance, white hind coxa, broad fron- 

tovertex, and uniformly setose forewings. 
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Abstract.—The biologies of eleven species of Hymenoptera associated with the multi-locular 

galls of the fly, Fergusonina sp. (Fergusoninidae) were investigated. More than 2000 wasps were 

reared from 1100 galls collected in Queensland and New South Wales, Australia over a two-year 

period from 1997 to 1999 from Melaleuca quinquenervia (Myrtaceae). Additional galls from each 

site were dissected for observation and description of the immature stages. A molecular technique, 
which involved sequencing the D2 expansion domain of the 285 rRNA gene, was used to match 

the identity of the immature wasps with their adult forms. Of the eleven species of Hymenoptera 

associated with the Fergusonina sp. galls, we were able to observe and describe the biology of 
nine of the species. Eurytoma sp., Coelocyba sp, Neanastatus sp., Cirrospilus sp., Bracon sp., Megas- 

tigmus sp. and Poecilocryptus nigromaculatus Cameron, commonly or exclusively, fed directly upon 
the Fergusonina larvae and or pupae with most species developing on a single host. However, 

Eurytoma sp., Bracon sp., and P. nigromaculatus usually fed on multiple hosts. These species have 
specialized biologies, which enable them to chew through plant tissues to access gall inhabitants. 

Chromeurytoma sp. and Euderus sp. appeared to be hyperparasitoids based on the available evi- 

dence. The biological control implications of this suite of Hymenoptera are discussed in terms of 

their regulatory effect on Fergusonina sp., a potential biological control agent of M. quinquenervia, 
an invasive weed in Florida, USA. 

Species of Fergusonina (Pergusoninidae) 
and their associated Fergusobia nematodes 
(Tylenchida: Sphaerulariidae), together 
form galls on the buds of their myrtaceous 
host plants (Currie 1937, Ferrar 1987, Gi- 
blin-Davis 2000). An undescribed species 

of Fergusonina and an undescribed Fergu- 
sobia form vegetative and floral galls on 
the broad-leafed paperbark tree, Melaleuca 

quinquenervia (Cavanilles) S.T. Blake (Fig 
1). This Fergusonina sp. is present through- 
out the Australian distribution of M. quin- 

quenervia, which stretches along the east 
coast from southern New South Wales 
(NSW), to the far north of Queensland 

(QLD). The gall-making cyclorrhaphous 

fly is under study as a potential biological 
control agent for M. quinquenervia, which 
was introduced from Australia into Flori- 

da in the United States in the early 1900's 

In the last 30-40 years M. quinquenervia 

has greatly expanded its range in southern 

Florida, including the 
tive Everglades, where it now infests over 
200,000 hectares causing extensive envi- 

ronmental and economic damage (Turner 

et al. 1998). 
The seasonal phenology of Fergusonina 

sp. on M. quinquenervia was inv estigated 

by Goolsby et al. (2000a) over a two-year 

ecok IIC ally sensi- 
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Fig 1. 

period between 1997 and 1999. The study 
indicated that biotic factors, including par- 
asitism, might have a significant effect on 
Fergusonina sp. gall density. Data collected 
for emergence of flies and associated gall 
inhabitants revealed numerous Hymenop- 
tera, comprising nine species of Chalci- 
doidea and a single species each of Bra- 
conidae and Ichneumonidae, all potential 

parasitoids of the Fergusonina sp. In order 
to understand the impact of parasitism, 

we first needed to establish which species 
of wasps are primary parasitoids of the 
Fergusonina sp., which are hyperparasi- 

toids or inquilines and which can behave 
as both primary parasitoids and hyper- 
parasitoids. A large complement of pri- 
mary parasitoid species may indicate that 
parasitism plays a significant role in reg- 
ulating Fergusonina sp. populations in 
Australia. Understanding the regulatory 
effect of natural enemies on a potential bi- 
ological control agent in its native range is 
a useful predictor of its success in its ad- 
ventitious range. 

In his pioneering work on the Ferguson- 
inidae, Currie (1937) postulated that par- 
asitic Hymenoptera played a major role in 
regulating their population dynamics. He 
reared many species of wasps from flower 

Fergusonina sp. gall on Melaleuca quinquenervia; a, Intact gall showing cluster of chambers, some with 

exit holes, and b, cross-section of gall showing individual chambers of the fly larvae. 

bud galls produced by Fergusonina nichol- 
sont Tonnoir on Eucalyptus macrorhyncha F. 
Mueller ex. Bentham and dissected galls to 
determine the biologies of their imma- 
tures. Currie noted that both a chalcidoid 
and a braconid were true parasitoids of 
the gall-making flies and briefly listed four 
other species of chalcidoid wasps that 
formed independent chambers within the 
galls. However, more detailed information 

on the biologies of the gall-associated 
wasps was never published. Taylor et al. 
(1996) reared twelve species of wasps 
from leaf galls formed by Fergusonina flav- 
icornis Malloch on Eucalyptus camaldulensis 
Dehnhardt in South Australia. They did 
not dissect galls, but discussed the prob- 
able biologies of the various wasp species 
in the light of their relative abundance and 
the biologies of related species. Both stud- 
ies found an abundance of gall-associated 
Hymenoptera, but were largely unable to 
positively determine their role inside the 
gall. 

Gall-making agents interact with asso- 
ciated parasitoids, predators and inqui- 
lines behind the cover of plant tissue that 
often obscures our understanding of their 
biologies. Because it may be difficult to 
identify the hymenopteran larvae associ- 
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ated with galls, many studies fail to asso- 
ciate the biology of the immatures with 
their adult form (Shorthouse et al. 1990, 

Manongi and Hoffman 1995). The most 

common method for determining the bi- 
ology of immatures is to observe them in 

the gall and then hold them until they 
emerge as adults, which can be more eas- 

ily identified. This method is the most 

straightforward and has been used widely 
in the study of gall inhabiting Hymenop- 
tera. 

However, this method is time consum- 

ing and may not be practical when dealing 

with galls that contain a large suite of par- 
asitoid species. In our study we also dis- 
sected and observed gall contents, but 

combined this method with a molecular 

technique which involved sequencing the 
D2 expansion domain of the 285 rRNA 

gene to match the identity of the wasp lar- 

vae with their adult forms. The D2 expan- 
sion domain of the 28S rRNA gene has 

been used in other studies to separate 

cryptic species of adult hymenopteran 
parasitoids (De Barro et al. 2000, Babcock 

and Heraty 2000), and aquatic weevils 

(Goolsby ef al. 2000b). Tilmon et al. (2000) 

used the COI gene to determine species 
composition of immature parasitoids in 
their host. We used the molecular method 

of sequencing the D2 gene as a way to de- 
termine identity of the immatures as we 
observed their biology in vivo. 

MATERIALS AND METHODS 

Monthly collections of mature Ferguson- 

ina sp. galls on M. quinquenervia trees were 
made from Peregian and Morayfield 

(QLD) and Woodburn (NSW) from July 

1997 to September 1999. The locations and 

phenology of the Fergusonina sp. are de- 
scribed in Goolsby et al. (2000a). Galls 

were held for one month in ventilated 

containers for emergence of the gall inhab- 
itants. The emerged insects were counted 

and sorted to species. 
In September 1999, following the two- 

year study, approximately 30 galls were 
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collected from each site in order to ob- 
serve and investigate the biology of the 
gall inhabitants. We dissected several hun- 
dred gall chambers in order to observe the 
behavior of the gall inhabitants. Observa- 

tions of the gall insects were made using 
a dissecting microscope, and pictures of 

the contents were taken using a digital 
camera (Sony Mavica, model FD-88). Ow- 
ing to the mobility of the camera, pictures 
of immatures could be taken by focusing 

through the ocular of the microscope. Im- 
matures were placed in vials of 95% al- 
cohol for DNA analysis. Several speci- 
mens of each species were analyzed. 
Adult parasitoids were identified to genus 
and, where possible, to species. Vouchers 
are located in the Queensland Museum, 

Brisbane; Florida State Collection, Gaines- 

ville and the U.S. National Museum, 

Washington, D.C. 

Eggs, larvae, and pupae of Hymenop- 
tera were used for gene sequencing. Gene 
sequences of the immature Hymenoptera 

were compared with adults that had been 
reared from Fergusonina sp. galls. Adult 
representatives of the less common Hy- 
menoptera species were reared from Fer- 
gusonina sp. galls collected during the pre- 
vious two years. We sequenced the D2 ex- 
pansion domain of the 28S rRNA, which 
ranged from 564 to 593 base pairs long de- 
pending on the species. The methods were 
those described by De Barro et al. (2000). 

The polymerase chain reaction (PCR) 
was used to amplify the D2 gene regions 
for each specimen. Primers for the region 
followed Campbell et al. (1993); D2F 5’- 
CGTGTTGCTTGATAGTGCAGC-3' and 
D2R 5’-TTGGTCCGTGTTTCAAGACGG-3’, 
or ND2F 5’- AGTACCGTGAGGGAAA- 

GTTG-3’, which was used in some reac- 

tions as an alternate forward primer 

which anneals approximately 90 bases 
down-stream of the D2F binding site. All 

reaction volumes were 50 wl, containing 

20 pM of each primer, 200 1M each dGTP, 

dATP, dCTP and dTTP, 1.5-2.5 mM 
MgCl, 2 pl DNA lysate, 1X supplied buff- 
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Table 1. Gall insects reared during two-year field study. 

Site: Peregian Morayfield Woodburn All sites 
Galls: 366 493 263 1122 

Fergusonina sp. 372 483 420 1275 

Eurytoma sp. 300 473 13 786 

Coelocyba sp. 276 oo Lee 431 

Neanastatus sp. 65 144 3D 244 

Cirrospilus sp. 113 19 0 132 

Bracon sp. 28 42 47 ila 

Eupelmus semiputata 4 22 0 103 

Chromeurytoma sp. 15 50 5 93 

Megastigmus sp. 17 35 28 80 

Eupelmus (Eupelmus) sp. 3 5 wh 10 

Euderus sp. 3 4 2 9 

Poecilocryptus nigromaculatus 0 1 1 5 

Total Hymenoptera 824 905 258 2010 

% Parasitism 68.90% 65.20% 38.05% 61.19% 

er and 2.5 U Taq polymerase (Bresatec, 
Australia). PCR amplification was done 
using a Hybaid thermocycler using the 
following parameters. A pre-cycle dena- 
turation step for 5 min at 94°C, followed 
by the addition of the Taq polymerase. 
Then, 35 cycles of 1 min at 94°C, 1 min at 

55°C and 1.5 min at 72°C followed by a 
final post-cycle extension step at 72°C. 

The D2 amplicons were purified and 
prepared for sequencing by electrophore- 
sis in 0.8% TAE agarose gels containing 10 
wg ml! ethidium bromide (Sambrook et 

al. 1989). Fragments were excised and 
transferred to a microfuge tube. The aga- 
rose slices were mashed in 30 wl sterile 

distilled water using a toothpick, then in- 
cubated at 50°C for 1 h. Samples were left 
at room temperature overnight to allow 
the DNA to elute from the gel. The sam- 

ples were stored at —20°C until required. 
Five microliters of the eluted PCR-am- 

plicons and the appropriate PCR-primers 

were used for sequencing according to the 
ABI PRISM Dye Terminator Cycle Se- 
quencing Ready Reaction Kit Manual (PE- 

Applied BioSystems). Both strands of each 

fragment were sequenced and reactions 
were loaded onto an Perkin Elmer, Ap- 

plied Biosystems Division, Model 377 ABI 
PRISM Genetic Analyzer. All sequences 
were deposited in GenBank® (see Table 2). 

RESULTS AND DISCUSSION 

Eleven species of Hymenoptera were 

reared from the Fergusonina sp. galls over 
the two-year sampling period (Table 1). 
Eurytoma sp. was the most common spe- 

cies at Peregian and Morayfield, whereas 

Coelocyba sp. was most common at Wood- 
burn. Eurytoma sp. and Coelocyba sp. com- 
prised 61% of the 2010 specimens of Hy- 
menoptera reared from the galls over the 
two-year period. Parasitism of the Fer- 
gusonina sp. larvae and pupae was high 
(> 60%) at both Morayfield and Peregian. 

The pooled percentage parasitism for the 
three sites over the two year period was 
61.2% (Table 1). 

We identified the immatures of eight of 
the eleven species collected in the study 
by matching their DNA sequences with 
those of the adult forms (Table 2). The lar- 

vae of a ninth species were identified by 
examining larval exuviae recovered from 
Fergusonina puparia from which parasit- 
oids had emerged. Immatures of the re- 
maining two species were not encoun- 

tered; their biology was deduced from 
published information of congeners. All of 
the immatures analyzed were matched 
with adult forms except for one hyperpar- 
asitoid egg. The D2 sequence from the hy- 

perparasitoid egg was unique and not de- 
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Table 2. Gall insects identified in study using D2 sequence data. 

GenBank 

Species* Location Stage Saeber Selection criteria 

1 Fergusonina—Male MORAYFIELD = Adult AF345569 Primary gall former 

2 Fergusonina-Female | WOODBURN Adult AF345570 Primary gall former 

3. Fergusonina MORAYFIELD — Larva’ AF345571_ Primary gall former 

4 Eurytoma MORAYFIELD = Adult =AF345572_ Reared from individual that had predat- 

ed on multiple hosts 

5 Eurytoma PEREGIAN Adult AF345573 Reared from individual that had predat- 

ed on multiple hosts 

6  Eurytoma PEREGIAN Adult AF345612 Reared from pupa in chamber with copi- 
ous masticated gall tissue and black 

meconium 

7  Eurytoma MORAYFIELD Larva AF345574_ Larva had fed on multiple hosts, cham- 

ber contained ball of Fergusonina re- 

mains 

8  Eurytoma PEREGIAN Larva AF345575_ Larva had fed on multiple hosts, copious 

amounts of masticated gall tissue pre- 

sent 

9 ~ Eurytoma MORAYFIELD — Larva AF345613_ Larva collected at center of young gall 
with connections to two other cham- 

bers 

10 Eurytoma MORAYFIELD — Larva) AF345606 Larval remains being consumed by Bra- 

con larva 

11 Eurytoma PEREGIAN Larva AF345610 Larva with Poecilocryptus larva attached 

(Specimen 53) 

12 Eurytoma MORAYFIELD — Larva AF345607_ Fergusonina parasitoid in clean gall 
chamber, attacked by hyper-parasitoid 

below (Specimen 13) 

13. Hyperparasitoid egg MORAYFIELD Egg AF345608 Egg attached to Eurytoma larva (Speci- 

men 12 above) 

14. Coelocyba PEREGIAN Adult AF345576 Reared from naked pupa, chamber con- 

tained Fergusonina remains 

15 Coelocyba PEREGIAN Adult AF345577 Reared from an intact Fergusonina pupar- 
ium 

16 ~~ Coelocyba PEREGIAN Adult AF345614 Reared from an intact Fergusonina pupar- 

ium 

17 Coelocyba PEREGIAN Adult AF359455 Reared from an intact Fergusonina pupar- 

ium 

18 — Coelocyba WOODBURN Larva AF359454_ Larva restricted to single chamber 

19° Neanastatus MORAYFIELD = Adult =AF345580 Reared from Fergusonina gall 

20. Neanastatus PEREGIAN Adult AF345582 Reared from Fergusonina gall 

1 Neanastatus MORAYFIELD Pupa AF345581 Naked pupa restricted to single chamber 

22 Neanastatus PEREGIAN Larva AF345583 Larva collected in single chamber, cra- 

dling remains of Fergusonina 

23. ~=Neanastatus MORAYFIELD Larva AF345584 Same as above, but from different site 

24 = Neanastatus MORAYFIELD Larva AF345615 Larva collected from single isolated 

chamber 

25 Cirrospilus PEREGIAN Adult AF345585 Reared from Fergusonina gall 

26 = Cirrospilus MORAYFIELD Adult AF345586 Reared from Fergusonina gall 
27 ~~ Cirrospilus MORAYFIELD = Adult AF345616 Reared from Fergisortiia gall 

28 — Cirrospilus PEREGIAN Larva AF345604 Collected from intact chamber with rem- 

nants of Fer: 

29 Cirrospilus PEREGIAN Larva AF345605 Collected from intact chamber with rem- 

nants of Fi nina 

30. Bracon WOODBURN Adult AF345587 Reared from silk cocoon inside Ferguson- 

ina gall 
TT 
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Table 2. Continued. 

GenBank*® 
accession 

Species* Location Stage number Selection criteria 

31 Bracon MORAYFIELD = Adult =AF345588 Reared from Fergusonina gall 

32. Bracon MORAYFIELD — Larva AF345589_ Larva collected as it was making silk co- 
coon 

33. Bracon MORAYFIELD ~~ Larva AF345590_ Larva collected as it straddled two 

chambers, both full of copious masticat- 

ed gall tissue and Fergusonina remains. 

34 = Bracon MORAYFIELD — Larva AF345617 Larva collected from gall with intercon- 

nected chambers, full of masticated gall 

tissue and Fergusonina remains 

35 Eupelmus semiputata MORAYFIELD = Adult AF345591_ Reared from Fergusonina gall 

36 = Eupelmus semiputata MORAYFIELD = Adult AF345592 Reared from Fergusonina gall 

37. Eupelmus semiputata MORAYFIELD — Adult AF345618 Reared from Fergusonina gall 

38 = Chromeurytoma PEREGIAN Adult AF345595_ Found in single isolated gall chamber 
39 Chromeurytoma MORAYFIELD Adult AF345596 Reared from Fergusonina gall 

40 = Chromeurytoma MORAYFIELD ~— Adult AF345620 Reared from Fergusonina gall 

41 = Chromeurytoma MORAYFIELD ~~ Larva AF345597 Collected from chamber with Neanastatus 

pupal remains 

42. Chromeurytoma MORAYFIELD Larva AF345598 Collected from chamber with Neanastatus 

pupal remains 

43 Chromeurytoma MORAYFIELD Larva AF345593_ Larva collected from intact chamber with 

wasp pupal remains 

44 Megastigmus MORAYFIELD ~— Adult AF345594_ Reared from Fergusonina pupal case 
45  Megastigmus WOODBURN Adult AF345619  Reared from Fergusonina gall 

46 Eupelmus (Eupelmus) MORAYFIELD — Adult AF345599 Reared from Fergusonina gall 

47 = Eupelmus (Eupelmus) © PEREGIAN Adult AF345600  Reared from Fergusonina gall 

48 = Eupelmus (Eupelmus) ©PEREGIAN Adult AF345621 Reared from Fergusonina gall 

49 Euderus PEREGIAN Adult AF345601  Reared from Fergusonina gall 

50 Euderus WOODBURN Adult AF345602 Reared from Fergusonina gall 

51 Euderus MORAYFIELD Egg = AF345609_ Egg collected from deflated, dead Poecilo- 

cryptus larva 
52 Poecilocryptus nigroma- WOODBURN Adult AF345603 Adult collected from Fergusonina gall 

culatus 

53 Poecilocryptus nigroma- PEREGIAN Larva AF345611 Hyperparasitoid of Eurytoma larva (Spec- 

culatus imen 11) 

* No variation was noted in D2 gene sequence data between individuals of each taxon. 

tected again. Most species develop in a 
single intact gall chamber as primary par- 
asitoids of Fergusonina sp. The larvae of 
three species, Eurytoma sp., Bracon sp. and 
Poecilocryptus nigromaculatus tunnelled be- 

tween gall chambers to feed on multiple 
hosts. Some authors (eg. Godfray 1994) 

prefer the term predator to describe this 
biology. We consider the distinction be- 
tween predator and parasitoid to be am- 
biguous and prefer to describe these spe- 
cies as parasitoids feeding on multiple 
hosts. Several hyperparasitoid species 

were identified either by their eggs, that 

were found attached to parasitoid larvae, 

or by their larvae that occupied chambers 
containing the remains of parasitoid lar- 

vae or pupae. 

Biology of Associated Hymenoptera 

Eurytoma sp. (Eurytomidae).—Speci- 
mens of Eurytoma emerged from. galls 
from all three sites and made up 39.1% of 
the total number of Hymenoptera reared 
from the field collections. They were the 
most numerous gall-associated wasps at 
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the two Queensland localities, Peregian 

and Morayfield. Few Eurytoma were re- 
covered from galls collected at Woodburn 
(Table 1). Despite some variation in the 

coloration of their legs, all specimens ap- 
pear to belong to a single species. The D2 
gene sequences of adults from Peregian 
and Morayfield were identical (Table 2). 

Eurytoma is an enormous cosmopolitan 
genus; Boucek (1988) listed 66 species 

from Australia and indicated there were 
many still undescribed. In the absence of 
revisionary studies on Australian species 
of Eurytoma it was not possible to identify 
this species. However, it appears to be al- 
lied to a distinctive group of Australian 
Eurytoma discussed by Boucek (1988) and 

characterized mainly by an elongate peti- 
ole and relatively long marginal vein. This 
group includes E. longipetiolata Girault and 
E. australiensis Ashmead (Boucek 1988) 

and after examination of their types by 
CJB, we believe that E. carlylei Girault and 

E. herbertensis Girault probably also be- 
long here. The species of Eurytoma reared 
from Fergusonina galls possesses several 
characters of the group including an elon- 
gate female petiole that is longer than the 
hind coxae and slightly curved, and a lat- 
erally compressed gaster that has the com- 
bined length of the first three gastral ter- 
gites less than their height and_ shorter 
than the length of the fourth gastral tergite 
(Boucek 1988). However, species of the 

group have the marginal vein 2.5-3 lon- 
ger than the stigmal vein (Boucek 1988) 

while the Eurytoma sp. from the galls has 

the marginal vein only about twice the 
length of the stigmal. 

Eurytoma sp. larvae had a relatively 
large head capsule with the mouthparts 
directed ventrally. The mandibles of ma- 
ture larvae were bidentate with a strong, 
acute, apical tooth and an acute subapical 
tooth about half the length of the apical. 
Larvae had a series of conspicuous dorsal 
protuberances on the meso- and metatho- 
rax and the first eight abdominal seg- 

ments. Larvae were only moderately se- 
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tose with most thoracic and abdominal se- 

tae short and inconspicuous. However, 

each thoracic segment had three pairs of 

longer setae ventrad of the spiracles. 
The larval biology of Eurytoma sp. was 

variable. Commonly larvae fed on multi- 

ple Fergusonina larvae and possibly the 
larvae of other gail-associated Hymenop- 

tera. Occasionally individual Eurytoma pu- 

pae were observed in single intact cham- 
bers, having completed their development 
on only one Fergusonina host. Molecular 
data confirmed that Eurytoma developing 
on single or multiple hosts were the same 
species. 

Eurytoma sp. larvae feeding on multiple 

hosts were found in chambers that were 
connected by small holes to one or more 
other chambers. These chambers were 
typically filled with brown, particulate de- 
bris that we interpreted as masticated, but 

not ingested, gall tissue. In addition, dis- 
sociated plates from the dorsal shields of 
Fergusonina larvae were found amongst 
the brown debris. Frequently several Eur- 
ytoma larvae completed development in a 
single gall. 

Eurytoma is a diverse genus with a wide 
array of larval biologies ranging from en- 
tomophagous to phytophagous species. 
Many species attack gall formers (Di Gui- 
lio 1997) including some that feed on sev- 

eral hosts in multi-chambered galls (Blair 

1944, Boucek 1988), which is similar to the 

species in our study. The larvae of some 
gall-inhabiting species of Eurytoma have 
been reported to feed on both insect and 
plant tissue (Varley 1937, Noble 1941, 
Askew 1961). Although the Eurytoma lar- 
vae in our study masticated gall tissue, it 

is not clear if they derived any nutritional 
benefit from this activity, or if they just 
mechanically scraped away the 

hambers. 

tissue to 

gain access to additional! 

All studies on the f 

ciated with Ferguson lls have record- 

ed Eurytoma species (Currie 1937, Harris 

1982, Taylor ef 1996) but only Currie 

investigated the larval biology. Unlike our 

1enoptera asso- 
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study, he found that larvae of Eurytoma 

“varirufipes’” (an unpublished Girault 

manuscript name), were inquilines within 
galls of Fergusonina nicholsoni Tonnoir on 

Eucalyptus macrorhyncha, forming separate 
chambers to those of the fly larvae. 

Coelocyba sp. (Pteromalidae).—Overall, 

Coelocyba sp. was the second most abun- 
dant wasp reared (21.4% of total speci- 
mens), but was uncommon at the Moray- 
field site (Table 1). Boucek (1988) listed 

nine species of the endemic Australian ge- 

nus Coelocyba, which he noted was com- 

posed of two species groups separated on 
the structure of the dorsellum and _ pro- 

podeum. The species reared from Fergu- 

sonina sp. galls belongs to the group con- 
taining C. nigrocincta Ashmead, character- 

ized by the posterior margin of the dor- 
sellum being broadly rounded (Boucek 

1988). Coelocyba sp. closely resembles C. 

nigrocincta in color pattern, however spe- 
cies in the genus are difficult to recognize 
and the value of color in distinguishing 
species is questionable (Boucek 1988). The 

genus is in need of revision (Boucek 1988) 

and consequently precise identification of 
the species reared in the study was not 
possible. 

Coelocyba larvae appear almost  gla- 
brous, distinguishing them from most lar- 
vae encountered during dissections, ex- 

cept those of Cirrospilus. Coelocyba larvae 
can be distinguished from Cirrospilus lar- 

vae by their globular head capsules and 
ventrally directed mouthparts. In addi- 
tion, Coelocyba larvae have tridentate man- 

dibles with a strong, acute apical tooth; a 

closely appressed, acute, subapical tooth; 
and a small basal tooth. 

Adults of Coelocyba sp. emerged either 
from naked wasp pupae or from intact 
Fergusonina puparia in approximately 
equal proportions. The D2 gene sequences 
of adults reared from both were identical 
(Table 2). Coelocyba that emerged from Fer- 

gusonina puparia either developed as true 
endoparasitoids or more probably as ec- 
toparasitoids of the pharate Fergusonina 
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pupa. Chambers that contained parasit- 
ized Fergusonina puparia closely resem- 
bled those with unparasitized puparia. 
Parasitized puparia were attached to the 
wall of the chamber by the normal trans- 
parent, elastic substance (see Currie 1937: 

150). Naked pupae and larvae of Coelocyba 
were always found singly in isolated 
chambers, along with pale granules of 
host remains containing Fergusonina dor- 
sal plates. In these cases Coelocyba devel- 
oped as a primary ectoparasitoid of the 
Fergusonina. We found no evidence that 
Coelocyba larvae fed on gall tissue. Cham- 
bers with Coelocyba pupae also contained 
a patch of dark meconium. 
Known species of Coelocyba are associ- 

ated with gall-inducing pteromalids and 
fergusoninids (Boucek 1988), but their pre- 

cise larval biologies are unknown. Boucek 
(1988) and Taylor et al. (1996) reported 

that larvae of C. nigrocincta Ashmead had 
been demonstrated to be inquilines in the 
galls of Perilampella hecataeus (Walker) on 
Acacia decurrens Willdenow, primarily 

based on work done by Noble (1941). 
They claimed that the C. nigrocincta larva 
killed the resident gall-inducer and 
formed its own cell and fed on the gall 
tissue. However, although Noble (1941) 

reported that the C. nigrocincta larva killed 
the larva of the gall-inducer, he made no 
mention of it forming its own chambers, 
or of it feeding on gall tissue. In our study 
we found no evidence that Coelocyba sp. 
larvae fed on gall tissue and concluded 
that they were almost always primary par- 
asitoids of the Fergusonina larvae or pu- 
pae. This is in agreement with Currie 
(1937) who briefly noted that the species 

of Coelocyba that he reared from flower 

bud galls produced by Fergusonina nichol- 

sont on Eucalyptus macrorhyncha was a 
“true parasite” of the fly larvae. Taylor ef 
al. (1996) reared C. nigrocincta from leaf 
bud galls on E. macrorhyncha but did not 
investigate its larval biology. 

Neanastatus sp. (Eupelmidae).—A single 

species of Neanastatus was moderately 
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common at all three sites (Table 1) and ac- 

counted for 12.1% of the total specimens 

reared. Molecular sequences of adults 
from Morayfield and Peregian were iden- 
tical (Table 2). Species of Neanastatus are 
apparently restricted to the Old World 
(Gibson 1989), but are widely distributed 

from southern Europe through Africa, and 
southern Asia to Australia with most spe- 

cies known from the tropics (Boucek 
1988). Bouéek (1988) lists 21 Australian 

species, all described by A. A. Giraulkt. 
Specimens reared from galls of Fergusoni- 
na sp. on M. quinquenervia have the head 
and most of the meso- and metasoma 

dark-colored, mostly with metallic green 

reflections. At least the anterior half of the 

pronotum and most of the first gastral ter- 

gite is yellowish. The hind tibia is mostly 
black with a narrow, basal, white band. 

Amongst the Australian species, they 
most closely resemble N. flavipronotum Gi- 
rault. However the holotype of this spe- 
cies differs in that the lower face sur- 

rounding the mouthparts is yellowish. In 

addition, the pronotum is extensively yel- 

lowish with only a narrow posterior dark 
band. 

Neanastatus sp. larvae are whitish and 

fusiform, gradually tapering posteriorly. 
The larval mandibles are simple, each 
with a single acute tooth. Neanastatus lar- 

vae are conspicuously setose, with rows of 

long lateral setae on the thoracic and ab- 
dominal segments, except the first abdom- 
inal segment. The thoracic segments have 
two additional pairs of long setae. The lar- 

vae can be distinguished from the setose 
larvae of Chromeurytoma (see below) by 

the absence of ventrolateral setae on the 

abdominal segments. Neanastatus sp. pu- 

pae can be distinguished by a conspicuous 
tubercle on the dorsal frons. 

The available evidence indicates that 

Neanastatus sp. develops as a solitary, pri- 
mary ectoparasitoid of Fergusonina larvae. 
In all instances, Neanastatus larvae, pupae 

and newly eclosed adults were found sin- 

gly inside isolated, intact chambers. Ma- 

7A 

ture larvae were observed resting on their 
dorsal surfaces and cradling, on their ven- 

tral surfaces, small balls of tissue contain- 

ing Fergusonina dorsal plates. There was 

no indication of Neanastatus larvae feeding 

on gall tissue. Neanastatus pupae occupy 

relatively clean chambers that contain a 

dark patch of tar-like larval meconium; 

one or sometimes two shriveled, setose, 
larval exuvia; and usually the remains of 
a Fergusonina larva indicated by the pres- 

ence of fragments of the dorsal shield. 
Species of Neanastatus have been record- 

ed as parasitoids in the galls of cecido- 
myiid flies, especially those associated 
with grasses and herbaceous plants (Bou- 

cek 1988). According to Gibson (1989) they 

have either been recorded as primary par- 
asitoids of the fly larvae or as hyperpar- 
asitoids through Platygasteridae (Hyme- 
noptera: Platygasteroidea). The biologies 
of Australian Neanastatus are largely un- 
known, although one species has been 

reared from galls on Eremocitrus (Ruta- 

ceae) (Naumann 1991) and CJB has seen a 

specimen reared from an unidentified gall 
on Brachychiton discolor F. Mueller (Steri- 
culiaceae). One Australian species, Nean- 

astatus cinctiventris Girault, is known to be 
a parasitoid of the Rice gall-midge, Orseo- 
lia oryzae (Wood-Mason), throughout 
southeast Asia. This is the first record of a 
species of Neanastatus attacking a fergu- 

soninid fly. Interestingly, Neanastatus has 

not been reared from several hundred ce- 
cidomyiid galls collected from Melaleuca 
quinquenervia (unpublished data). 

Cirrospilus sp. (Eulophidae).—A single 
species of Cirrospilus was moderately com- 
mon at Peregian where it was the third 

most numerous species emerging from 

galls (Table 1). However, Cuirros} ilus sp. 

was rare at Morayfield and was not recov- 

ered from galls at Woodburn. Molecular 

sequences of adults from Morayfield and 

Peregian were identica fable 2). In total, 

this species comprises 6% of the speci- 

mens reared. Cirrospilus is a large, mor- 

phologically diverse, cosmopolitan genus 
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with something in the order of 60 de- 

scribed species from Australia (Boucek 

1988). In the absence of any revisionary 
work on Australian Cirrospilus, it was not 
possible to identify the species from M. 
quinquenervia galls. However, it belongs to 
a group of species that roughly corre- 
sponds to A.A. Girault’s genus Gyrolasella 
that was synonymised with Cirrospilus by 
Bouéek (1988). The color pattern of the 

species reared from Fergusonina sp. galls 
was similar to that of a number of Austra- 
lian Cirrospilus species that have the body 
mostly yellowish with metallic green 
markings on the head and mesosoma and 
a series of dark brown or black transverse 
bands on the gaster. The species in our 
study was similar to the Cirrospilus reared 
from Fergusonina flavicornis Malloch galls 
by Taylor et al. (1996, Fig. 14) but had less 

extensive metallic green on the occiput 
and the median lobe of the mesoscutum. 

Mature larvae of the Cirrospilus sp. 
reared in this study were distinctive and 
easily distinguished from those of other 
wasps associated with the galls. The larval 
head capsule was virtually prognathous, 
dorsoventrally flattened and with broad, 

cheek-like, lateral expansions basally. The 

mandibles were sickle-shaped and_ uni- 
dentate. The head, thorax and abdomen 
appeared more or less glabrous, without 
any conspicuous setae. The thorax and ab- 
domen had three and eight low, dorsal 
protuberances respectively. 

The available evidence indicated that 
Cirrospilus sp. developed as a solitary, pri- 
mary ectoparasitoid of third instar PFergu- 
sonina larvae. In all instances, Cirrospilus 
larvae and pupae were found singly, in- 
side isolated, intact chambers. Chambers 

with larvae usually also contained pale 
granules of host remains and Fergusonina 
dorsal plates. We also observed intact but 
shrivelled third instar Fergusonina larvae 
together with Cirrospilus larvae. We found 
no evidence of Cirrospilus larvae feeding 
on gall tissue or acting as hyperparasi- 
toids. On first inspection, chambers with 
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Cirrospilus pupae usually appear empty of 
host remains but contain a thick patch of 
meconium. On closer inspection, plates 
from Fergusonina dorsal shields were near- 
ly always incorporated into the patch of 
meconium. 

Cirrospilus is a biologically diverse ge- 
nus with species developing as parasitoids 
or hyperparasitoids, commonly of leaf- 
miners, or of other larvae and pupae in 

concealed situations (Boucek 1988). In 

Australia, many species are associated 
with leaf galls, especially on eucalypts 
(Boucek 1988). Taylor et al. (1996) reared a 

species of Cirrospilus from leaf-galls of Fer- 
gusonina flavicornis on Eucalyptus camaldu- 
lensis. 

Bracon sp. (Braconidae).—A single spe- 
cies of Bracon was recovered in relatively 
low numbers from all the sites comprising 
5.8 % of the specimens reared, but it was 

the second most common species at 
Woodburn (Table 1). Molecular sequences 

of adults from Woodburn and Peregian 
were identical (Table 2). Bracon is a very 

large, cosmopolitan genus with many 
Australian species, most of them undes- 

cribed (Austin and Faulds 1989, Quicke 

and Ingram 1993). 

Mature larvae of Bracon sp. were distin- 
guished from those of most other wasps 
associated with the galls, except Poecilo- 
cryptus nigromaculatus (see below), by their 
large size. They were also characterized by 

distinctive labial and maxillary sclerites, 
and large, heavily sclerotized, unidentate 

mandibles, which had a series of serra- 

tions on their inner margins. 

Typically Bracon larvae fed indiscrimi- 
nately on hosts within the galls, entering 
multiple chambers and consuming a suc- 
cession of Fergusonina larvae and the lar- 
vae and pupae of the other wasps associ- 
ated with the galls. Often two or more Bra- 
con larvae completed development within 
the same gall. Galls occupied by mature 
Bracon larvae usually had several cham- 
bers interconnected by relatively large 
holes. The chambers were generally 
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packed with brown, particulate debris that 
we concluded was masticated gall tissue. 
Chambers also frequently contained dis- 
sociated Fergusonina dorsal-shield plates. 
The remains of a Neanastatus pupa and a 
small Poecilocryptus nigromaculatus larva 

were also found within chambers occu- 
pied by Bracon larvae. On one occasion a 
Bracon larva was directly observed feeding 
on a Eurytoma larva (Table 2). This is the 
first record of a species of Bracon acting as 
a facultative hyperparasitoid. Other 
known species of the genus are primary 
ectoparasitoids (Shaw and Huddleston 
1991). Pupation occured in a relatively 

loosely woven silk cocoon with brown de- 
bris incorporated on its outer surface. The 
cocoon usually filled two gall chambers 
and had a mass of dark meconium depos- 
ited at one end. 

Species of Bracon attack diverse hosts 
but many are parasites of concealed lar- 
vae, mostly of Lepidoptera but also Cole- 
optera and Hymenoptera-Symphyta 
(Quicke and Ingram 1993). Several species 

also parasitize Diptera, particularly gall- 

making larvae (Quicke and Sharkey 1989). 

This is the second record of a species of 
Bracon from a fergusoninid gall, Taylor et 

al. (1996) having reared B. fergusoninus 
Taylor, Austin and Davies from Ferguson- 
ina flavicornis leaf-galls on Eucalyptus ca- 
maldulensis. Currie (1937) also reared an 

unidentified braconid from F. nicholsoni 

flower-bud galls on E. macrorhyncha. He 
reported that the braconid larvae feed ‘‘in- 
discriminately on gall tissues and fly lar- 
vae” and it seems likely that their biology 
is similar to the Bracon sp. in our study. 
However, although we confirm that the 

Bracon larvae masticate a considerable 
amount of gall tissue, evidenced by copi- 
ous amounts of brown debris, it is unclear 

Whether they derive nutrition from this 
activity or just mechanically scrape away 
the tissue to gain access to additional 

chambers. Larval phytophagy is very rare 
in the Braconidae and has never been con- 
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firmed for the subfamily Braconinae (Tay- 
lor et al. 1996). 

Eupelmus (Macroneura) semiputata (Gi- 

rault) (Eupelmidae).—Eupelmus semiputata 

was y common from galls at 
Morayfield but rare at Peregian and not 
collected from Woodburn (Table 1). Of the 

103 reared in the study (5.1% of total spec- 
imens reared), 74 came from galls collect- 

ed in 1998. During 1999 only ten E. semi- 

putata were reared. We did not encounter 
any larvae in our dissections. Molecular 
sequences of adults from Morayfield and 
Peregian were identical (Table 2). There is 

only a single described Australian species 
of Eupelmus (Macroneura) although Bouéek 
(1988) indicated a second, presumably un- 
described, Australian species. The speci- 
mens reared in this study appeared to 
match the holotype of E. semiputata. 

Species of Eupelmus (Macroneura) are 

cosmopolitan, primary or secondary par- 
asites of a wide variety of insect hosts in 
concealed locations, such as within galls, 

grass stems, or cocoons. Some species are 
highly polyphagous, sometimes attacking 
hosts from several different orders (Gib- 

son 1990). A. A. Girault, in his unpub- 
lished manuscript (see Dahms 1978), re- 

corded EF. semiputata emerging from ceci- 
domyiid galls on Pitted bluegrass, Both- 
riochloa decipiens (Hackel) C. E. Hubbard 

(as Andropogon pertusus (L.) Willdenow). 

Several other species of chalcidoids were 
also reared from these galls. CJB has also 

reared specimens of E. semiputata from fi- 
nal instar larvae of Aspidomorpha deusta 
(Fabricius) (Coleoptera: Chrysomelidae), 

most probably as a_ hyperparasitoid 
through an unidentified tachinid. This is 

the first record of E. semiputata emerging 

moderately 

from galls of Fergusoninida: 
Chromeurytoma sp. (Pteromalidae).— 

Specimens of Chromeurytomia were reared 
in low numbers from al! three sites (Table 

1) and comprised 4.6% or the total speci- 

mens reared. Molecular sequences of the 

D2 gene were obtained only from adults 

and larvae from Morayfield (Table 2) but, 
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based on morphology, adults from all 
three sites appear to be the one species. 
There are fourteen described species of 
Chromeurytoma, all from Australia. The 

species reared in our study could not be 
assigned to one of the described species. 

The larvae of Chromeurytoma sp. were 
normally active and conspicuously setose. 
They were relatively elongate, gradually 
tapering posteriorly. The body also ta- 
pered anteriorly to a relatively small head 
capsule. The mandibles of mature larvae 
were thin with a single, strong, acute 

tooth. The heavily setose bodies of Cliro- 
meurytoma larvae distinguished them from 

most other larvae within the galls. Nean- 
astatus larvae were superficially similar 

but less setose, lacking the elongate ven- 
trolateral setae found on the abdominal 
segments of Chromeurytoma larvae. In ad- 
dition, Chromeurytoma larvae had lateral 
setae on the first abdominal segment (ab- 

sent in Neanastatus) and had the most pos- 
terior pair of setae on the head capsule 
more widely separated. The bases of the 
posterior setae on the head capsule were 
separated by more than twice the length 
of a seta in Chromeurytoma larvae, but only 

by about the length of a seta in Neanastatus 
larvae. Chromeurytoma larvae usually had 
a conspicuous dorsal hump between the 
first and second abdominal segments and 
a series of thin, transverse, sclerotized, in- 

tersegmental bands between the thoracic 
and first seven abdominal segments. 

Chromeurytoma larvae were most com- 
monly solitary hyperparasitoids through 
other Hymenoptera within the galls, feed- 
ing on their mature larvae or pupae. Chro- 
meurytoma larvae or pupae were recovered 
from chambers containing the remains of 
Neanastatus and Eurytoma pupae and from 

chambers containing moribund Bracon lar- 
vae or their head capsules. On two occa- 
sions, Chromeurytoma larvae occupied iso- 
lated chambers containing the remains of 
lightly sclerotized Fergusonina larvae, and 
possibly developed as primary ectoparas- 
itoids of the fly. 
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Species of Chromeurytoma have been 
reared from unidentified galls on species 
of Eucalyptus and Acacia (Bouéek 1988). 

This study is the first to record Chromeur- 
ytoma emerging from galls of Fergusonin- 
idae and the first to document the larval 
biology of a member of the genus. 

Megastigmus sp. (Torymidae).—Speci- 
mens of Megastigmus were reared in low 
numbers from all three sites (Table 1) and 

comprised 4.0% of the total specimens. Of 
the 80 adults reared during the entire 
study, 55 emerged from galls collected in 
1997. Molecular sequences of adults from 
Morayfield and Woodburn were identical 
(Table 2). Megastigmus is a large genus dis- 
tributed throughout most of the world, ex- 
cept the Neotropics. It is particularly spe- 
ciose in Australia with 47 described spe- 
cies (Boucek 1988). In the absence of any 

revisionary studies on the genus and giv- 
en that species often display considerable 
variation in size, color and sculpture (Bou- 

cek 1988), no attempt was made to iden- 

tify the species reared in our study. 
Larvae of Megastigmus sp. were not en- 

countered in our original dissections of 
galls from which specimens were se- 
quenced. However, examination of larval 

exuviae recovered from Fergusonina pu- 

paria from which Megastigmus sp. adults 
had emerged, enabled us to identify lar- 
vae of Megastigmus sp. in subsequent gall 
dissections. Larvae resembled those of 
Eurytoma sp., but mature Megastigmus lar- 

vae could be distinguished from those of 
Eurytoma sp. and all other gall-associated 
wasps by their distinctive mandibles. Each 
mandible was 4-dentate, with a large, 

acute, apical tooth and three small teeth 
evenly spaced along its inner cutting edge. 
They closely resemble the larval mandi- 
bles of Megastigmus dorsalis (Fabricius) fig- 
ured by Askew (1966). 

The larval biology of Megastigmus sp. 
was variable. Most commonly, adults 
emerged from intact Fergusonina puparia 
found within isolated gall chambers. Each 
parasitized puparium contained the exu- 
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vium of the final instar Megastigmus larva 
and meconium in the form of numerous 
black, discrete pellets. Presumably, Megas- 

tigmus sp. developed as a primary para- 
sitoid, either as an endoparasitoid or ec- 

toparasitoid of the pharate Fergusonina 
pupa. We found no evidence that Megas- 
tigmus developed as a_hyperparasitoid 
within puparia. Less commonly, Megastig- 
mus appeared to develop as a solitary ec- 
toparasitoid of third instar Fergusonina. 
Megastigmus larvae and naked pupae were 
found within isolated gall chambers that 
contained pale, granulate host remains in- 
cluding dissociated Fergusonina dorsal 
shield plates. In these cases the voided lar- 
val meconium consisted of a thick mass 
instead of discrete pellets. In addition, Me- 
gastigmus sp. also developed as a hyper- 
parasitoid through Bracon sp. On several 
occasions, Megastigmus larvae, pupae or 
pharate adults were found within cocoons 
with the remains of Bracon prepupae, pu- 

pae or pharate adults. 
Megastigmus is a biologically diverse ge- 

nus with species having larval biologies 
ranging from obligate plant feeders to ob- 
ligate parasitoids (Boucek 1988). Currie 
(1937) reared two species of Megastigmus, 

M. quinquesetae (Girault) and an unidenti- 
fied species, from Fergusonina nicholsoni 

flower-galls on Eucalyptus macrorhyncha. 

He reported that the larvae of both species 
were inquilines within the galls, forming 
their own separate chambers and presum- 
ably feeding on gall tissue. In contrast, the 
Megastigmus in our study appears to be 
entirely entomophagous. Taylor et al. 
(1996) also reared two species of Megastig- 

mus from Fergusonina flavicornis leaf-galls 
on E. camaldulensis but they did not inves- 
tigate their larval biologies. 

Eupelmus (Eupelmus) sp. (Eupelmi- 
dae).—Specimens of Eupelmus were recov- 
ered in very low numbers from all three 
sites and accounted for 0.5% of total spec- 
imens reared (Table 1). They appeared to 

belong to a single species and the molec- 
ular sequences of adults from Morayfield 

IAs: 

and Peregian were identical (Table 2). Eu- 

pelmus sp. larvae were not sequenced as 
none were encountered during dissec- 

tions. A single adult female was found in 

an isolated gall chamber together with a 

lightly sclerotized, collapsed Fergusonina 
prepupa. The pupal exuvium of the wasp 

was also present in the chamber. The pre- 
cise larval biology of Eupelmus sp. is un- 

known although it is clearly a solitary pri- 

mary parasitoid or hyperparasitoid. There 
are many species of Eupelmus (Eupelmus) 
found throughout the world; they are par- 
asitic, or rarely ‘predatory’, on a wide va- 
riety of hosts (Boucek 1988). Harris (1982) 

also reported a species of Eupelmus emerg- 
ing from Fergusonina syzygii Harris galls 
on Syzygium cumini (L.) (Myrtaceae) in In- 
dia. 

Euderus sp. (Eulophidae)—Specimens 

of Euderus were recovered in very small 
numbers from all three sites and account- 
ed for 0.5% of total specimens reared (Ta- 

ble 1). They appeared to represent a single 
species and the molecular sequences of 
single adults from Peregian and Wood- 
burn were identical. Euderus larvae and 
pupae were not encountered during dis- 
sections. However, the D2 gene sequence 

of a single egg matched that of the adult 
Euderus (Table 2). The egg was attached to 
a moribund Poecilocryptus nigromaculatus 

(see below) larva that had been feeding on 

a Fergusonina puparium. Evidently Eude- 
rus sp. acts a hyperparasitoid within the 
galls, which might explain its low relative 

abundance. Euderus is a large cosmopoli- 

tan genus with species attacking larval 

Lepidoptera and Coleoptera (Boucek 

1988). Species are also known to be hy- 

perparasitic, attacking Braconidae (Boucek 

1988). Taylor et al. (1996) also reared a spe- 

cies of Euderus in low numbers from Fer- 

gusonina flavicornis leaf-galls. They sug- 

gested that its larvae might be hyperpar- 

asitic on Bracon f ius within the 

galls. 

Poecilocryptu ynaculatus Cameron 

(Ichneumonidae). —Poecilocryptus nigroma- 
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the rarest gall-associated wasp 
species at 0.3% of the total specimens 
reared, with only one and four specimens 
recovered from Morayfield and Wood- 
burn respectively (Table 1). The specimens 

appeared to be P. nigromaculatus, although 
they differed slightly in coloration, lacking 
the black markings on the second gastral 
tergite normally found in this species 
(Gauld and Holloway 1986). 

Mature P. nigromaculatus larvae were 
distinguished from most gall-associated 
wasp larvae, except those of Bracon sp., by 

their large size. They could be distin- 
guished from Bracon larvae by their very 
large, heavily sclerotized, bidentate man- 
dibles and by a large sclerotized plate on 
the postlabium (see Short 1978). 

Only a single P. nigromaculatus larva 
and a single pupa were recovered from 
dissections of galls from Woodburn, Mo- 

rayfield and Peregian but several larvae 
and prepupae were found in additional 

dissections of galls from Bracken Ridge 
and Coolum (QLD). Only a single mature 

larva, prepupa or pupa of P. nigromacula- 
tus was observed per gall. Each gall had 
its internal structure highly modified, with 

most chambers breached and _ intercon- 
nected by relatively large holes. The 
chambers were generally packed with 
brown, particulate debris that we conclud- 

ed was masticated gall tissue. However, 

various chambers also contained dissoci- 

ated Fergusonina dorsal-shield plates, 

empty Fergusonina puparia rent with 
large, ragged holes, the remains of Bracon 

pupae and pharate adults, and Bracon lar- 
val mandibles. Poecilocryptus nigromacula- 
tus pupated within the gall in a relatively 
large central cavity, incorporating several 
chambers, presumably excavated by the 
larva. Pupation occured inside a brown, 

moderately densely woven cocoon with 
brown debris incorporated on its outer 
surface. 

Poecilocryptus (Subfamily Labeninae) is 
an endemic Australian genus associated 

with a variety of galls on trees of the gen- 

culatus was 
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era Eucalyptus, Acacia, Banksia (Gauld and 

Holloway 1986, Taylor et al. 1996) and 

now Melaleuca. Poecilocryptus nigromacula- 
tus has been reared from anthribid weevil 
galls on Acacia floribunda (Ventenat) Willd- 
enow ( = A. longifolia), eriococcid galls on 
Eucalyptus (Gauld and Holloway 1986), 
and pteromalid galls on Acacia (Noble 

1941) including those of Trichilogaster aca- 
ciaelongifoliae (Froggatt) on A. floribunda, 
and Perilampella hecataeus (Walker) on A. 
decurrens Willdenow. Poecilocryptus nigro- 
maculatus has also been recorded from 
galls of Fergusoninidae, Taylor et al. (1996) 

rearing it and P. galliphagus Gauld and 
Holloway from Fergusonina flavicornis 
Malloch galls on Eucalyptus camaldulensis. 

There are conflicting reports about the 
biology of Poecilocryptus. We concluded 
that Poecilocryptus nigromaculatus larvae 
fed on many hosts within each Fergusonina 
gall, using their large mandibles to chew 
through gall tissue and enter multiple 
chambers. They appeared to consume the 
inhabitants of each chamber regardless of 
its identity. Noble (1941) considered that 

P. nigromaculatus was parasitic upon the 

larvae of a moth that lived as an inquiline 
within the multichambered galls of Tri- 
chilogaster acaciaelongifoliae. He had no di- 
rect evidence of this host association but 
specifically noted an adult P. nigromacula- 
tus occupying a gall that had much of its 
interior hollowed out by what he assumed 
was a moth larva. However, his descrip- 

tion bears a striking similarity to the sit- 
uation we observed in the Fergusonina 
galls and we suggest that P. nigromaculatus 
is probably also a generalist parasitioid 
within Trichilogaster galls. 
Members of the tribe Poecilocryptini all 

appear to oviposit within nutritious plant 
tissue (Gauld and Holloway 1986). The 

enormous mandibles of their larvae led 
Short (1978) to speculate that they may be, 
at least in part, phytophagous. According 

to Quicke (1997) partial phytophagy has 
been confirmed for a species of Poecilo- 
cryptus living within coccoid-induced 
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Table 3. Summary of the biologies of Hymenoptera associated with galls of Fergusonina sp. Eupelmus sem- 
iputata not included due to lack of information. ? = Some evidence but not confirmed. 

Primary Primary — 
Species Endoparasitoid Ectoparasitoid Hyperparasitoid Single hosts Multiple hosts 

Eurytoma sp. ? Xx X xX 

Coelocyba sp. X Xx 

Neanastatus sp. X X 

Cirrospilus sp. X X 

Bracon sp. X X rarely X 
Chromeurytoma sp. 2 X X 

Megastigmus sp. 2 X X X 

Eupelmus (Eupelmus) sp. X 
Euderus sp. X 
Poecilocryptus nigromaculatus X X X 

galls. We confirmed that Poecilocryptus lar- 
vae masticate a considerable amount of 

Melaleuca gall tissue, evidenced by copi- 

ous amounts of brown debris. However, it 

is unclear whether they derived nutrition 

from the plant tissue or just mechanically 
eroded the chamber walls to gain access 
to their contents. 

CONCLUSION 

Of the eleven species of Hymenoptera 
associated with the Fergusonina sp. gall, 
we were able to observe and describe the 
biology of nine of the species (Table 3). 
Seven commonly or exclusively fed di- 
rectly upon the Fergusonina larvae and or 
pupae with most species developing on a 
single host. However, three of the seven 
usually fed on multiple hosts. These spe- 
cies have specialized biologies, which en- 

able them to chew through plant tissues 
to access gall inhabitants. On the available 
evidence, the remaining two species ap- 
peared to be hyperparasitoids. We do not 
know which of the eleven species are gall 
specific, but did find it interesting that 
none of these species were reared from 
other galls on M. quinquenervia formed by 
Cecidomyiidae or Homoptera (unpub- 
lished data). None of the Hymenoptera in 

this study could be described as inqui- 
lines. The term inquiline is defined by Tor- 
re-Bueno (1989) as a commensal that lives 

in a very close spatial relationship with its 

host, in its shelter, not feeding on it, but 

frequently destroying it. We did occasion- 
ally observe species of Lepidoptera acting 
as inquilines, including one species, Holo- 

cola sp. (Tortricidae), which is known to 

feed on young leaf and flower buds of M. 
quinguenervia (unpublished data). 
We found the D2 molecular method to 

be robust for characterizing all life stages 
including eggs and small larvae. Further, 
the D2 gene sequence was consistent for 
each species and between adults and im- 
matures. In the dissections we encoun- 
tered the immature forms of eight out of 
eleven species, which were matched with 
the adult forms. The molecular technology 
provides many advantages in the study of 
cryptic immature insects. The amount of 
time and effort required to identify im- 
matures is greatly reduced because rear- 
ing to the adult stage is not needed. The 
biology of the immatures can be observed 
in vivo and matched with adults without 
speculation or comparison to known bi- 
ologies of related species. A greater num- 

ber of gall-inhabiting insects are likely to 
be discovered using this technique as 

compared to other techniques 
the gall from the plant and holding it for 
insect emergence su! the inhabitants 

to changes in plant turgor, humidity and 
temperature. Ail of these factors could be 

critical to the i| of the immatures. 

Sleeving the gail for collection of emerging 
« 

Removal of 

urVI\ 
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insects may be biased against late arrivals 
such as hyperparasitoids. 

Gene sequences are quantitative and 

can be compared to sequences collected 
later in the study or by other researchers. 
By posting the sequence on GenBank® 
other researchers may in turn match the 

identity of their insects. Sequence data 
serves as an interim identity for the insect 
species until they are described. Field 
studies and biological control programs in 
particular should submit vouchers not 
only of the insect specimens but also of the 
gene sequences as well. Later revisions of 
genera could include, where possible, the 
molecular data from a wide array of bio- 
logical studies. In this way a greater num- 
ber of specimens could be identified si- 
multaneously. Our understanding of the 
biology and distribution of insect species 
would be greatly enhanced. 

In biological control programs directed 
against weeds, agents must reach high 
population levels in order to control their 
host. Development of high population lev- 
els in the region of introduction is pro- 
moted initially by an almost unlimited 
food supply and by release from the 
agent’s natural enemies (Harley and For- 

no 1992). Fergusonina sp. is likely to be in- 

troduced to Florida, USA, where it will 

find an abundance of suitable M. quinque- 
nervia plant buds which it needs to form 
galls (Goolsby et al. 2000a, Van et al. 2000). 
In its region of origin Fergusonina sp. is 
heavily attacked by natural enemies, in- 
cluding eight primary parasitoids. One 
would predict that fewer parasitoid spe- 
cies would attack Fergusonina sp. in Flori- 
da, and that they would be less co-adapt- 

ed than those in Australia. Fergzusoninidae 
are not represented in the New World, so 
the association with this family of gall- 
making flies would be novel for the indig- 
enous parasitoids. In the absence of its co- 
evolved natural enemies, Fergusonina sp. 
could reach much higher populations lev- 
els, potentially having an impact on M. 
quinquenervia. We hope that our study 
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provides the basis for future comparisons 
of natural enemies of Fergusonina sp. in 
both its native and adventitious range. 
This research would further our ability to 
predict the impact of indigenous parasit- 
oids on introduced biological control 
agents. 
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Taxonomy and Ecology of Costa Rican Euplectrus (Hymenoptera: 
Eulophidae), Parasitoids of Caterpillars (Lepidoptera) 
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Abstract—The species of parasitic wasps in the genus Euplectrus (Hymenoptera: Eulophidae) 
known from Costa Rica are reviewed, and their ecology is briefly summarized from a long-term 

on-going inventory of caterpillars (Lepidoptera) and their parasitoids in the Area de Conservacion 
Guanacaste in northwestern Costa Rica. Twenty species are reported, of which 17 are new species 

described by Schauff: Euplectrus anae, E. carlowae, E. edithae, E. floryae, E. hansoni, E. ireneae, 

E. ivonae, E. josei, E. magdae, E. mariae, E. orias, E. rojasi, E. ronniei, E. valverdet, E. walteri, 

E. xiomarae and E. zamorai. An illustrated key and photographs of larvae supplement the de- 

scriptions. 

Members of the genus Euplectrus (Hy- 
menoptera: Eulophidae) are parasitoids on 
many species of caterpillars that live and 
feed exposed on the foliage of their food 
plants (Ferriere 1941, Bouéek 1988). Some 

species have been used in biological con- 
trol (Puttler et al. 1980). The wasps’ ability 

to arrest host caterpillar molting by inject- 
ing a chemical arrestant through the ovi- 
positor prior to egg laying also has poten- 
tial as a tool in pest control (Coudron and 

Puttler 1988, Coudron and Brandt 1996). 

In spite of its potential value to agriculture 
and intriguing natural history, Euplectrus 
has not been studied in any comprehen- 
sive manner. This is the first in a series of 
studies anticipated on the systematics of 
the New World species of Euplectrus. It is 
intended to alert field biologists about 
their distinctive ecology. 

Very little is known of the systematics 
of the Central American species of this ge- 
nus, and almost nothing has been pub- 

lished on their ecology/ life history. An 
unpublished Ph.D. thesis discussed the 
New World species and contains records 
of several Central American species (Gon- 

zalez 1985). But, since this thesis has re- 

mained unpublished, these records re- 
main unavailable. DeSantis (1967), De- 

Santis (1979), and DeSantis (1980), De- 

Santis and Fidalgo (1994) cataloged the 21 
species that have been described from 
Central and South America. Only three 
species were recorded from Costa Rica (E. 
cosmtockii, E. furnius, and E. solitarius) and 
we describe 17 new ones in the paper. 

As is often the case in chalcidoid wasps, 
host records for Euplectrus have been scat- 
tered and are of questionable accuracy. 
However, extensive rearing of Lepidop- 
tera larvae for the past two decades (http: 

//janzen.sas.upenn.edu) as a caterpillar 

inventory of the biodiversity of the Area 

de Conservaci6n Guanacaste (ACG) in 

northwestern Costa Rica (http 

acguanacaste.ac.cr and Janzen 2000) has 

generated more than 250 Fuipiectrus rear- 

ings, along with those of other parasitoids 

(e.g., Gauld et al. 1992, Janzen 1993, Gauld 

and Janzen 1994, Sh and Janzen 

1995, Dangerfield et 96, Janzen, D. H. 

and I. D. Gauld 1997, Zitani et al. 1997, 

Janzen et al. 1998). In addition, P. Hanson 

WWW. 
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of the Universidad de Costa Rica and I. D. 
Gauld of The Natural History Museum 
have extensively malaise trapped the par- 
asitoid fauna in Costa Rica, and this ma- 
terial is considered here as well. As a re- 
sult of these efforts, we are now able to 
report in a detailed manner on the com- 
position of this genus over a large area of 
many habitats. Although this study ex- 
pands the number of species known from 
Costa Rica by about 500%, we feel that 

many more species remain to be discov- 
ered. Euplectrus appear in Malaise traps 
with very low frequency, so that their 

presence will have to be detected largely 
through rearing programs. 
Among Eulophidae, the tribe Euplectri- 

ni is one of the most easily identifiable 
since all species share the greatly elongat- 
ed hind tibial spur(s) (Fig. 89) that have 

been the defining synapomorphy for the 
group since the last century (Boucek 1988, 

Wijesekara and Schauff 1994). Species of 
Euplectrus can be differentiated from oth- 
er genera in the Euplectrini by having a 
simple median carina on the propodeum, 
lacking submarginal grooves on the scu- 
tellum, and having only 2-3 pairs of setae 
on the mesoscutal midlobe and spinning a 
cocoon as illustrated in Figs. 1-9. A key to 
New World genera was published by Wi- 
jesekara and Schauff (1997). 

Euplectrus (Fig. 4) is also unique among 
Eulophidae in that the larvae live exter- 
nally on the host and spin a cocoon in 
which to pupate. Equally unique, the co- 
coon silk is produced from the anus by 
modified malpighian tubules (Ferriére 
1941). The eggs are laid externally in 

groups on the host caterpillar. The larvae 
feed on hemolymph through the cuticle 
and mature while attached to the back of 
the host by their mouthparts (Figs. 1, 5, 6, 

8). When ready to pupate, the larvae of 
some species move to the underside of the 
caterpillar cadaver (Figs 2, 3, 9), while oth- 
ers spin a ruff of cocoons around the ca- 
daver. 

Below, we describe the species of Eu- 
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plectrus (the senior author is the taxonomic 

author of these species), and give an ac- 
count of the natural history for those on 

which we have been able to accumulate 

data. 

Abbreviations of museums are as fol- 

lows: U.S. National Museum of Natural 

History, Washington, D. C. (USNM); The 
Natural History Museum, London 

(BMNH); Instituto Nacional de Biodiver- 

sidad (INBIO), Costa Rica; Canadian Na- 

tional Collection, Ottawa (CNC). 

High resolution digital copies of the 

original photographs for Figures 1-9, all 

taken in the Area de Conservacion Guan- 

acaste, are available at Janzen and Hall- 

wachs (2000). 

Morphology.—One of the distinctive fea- 
tures of species of Euplectrus is the ar- 
rangement of small and enlarged setae on 
the head (Fig. 23). There are up to six pairs 
of thickened and elongated setae on the 
upper part of the head. There are two 
pairs postero-laterally along the occipital 
carina (S1 and 82). There is a pair between 

the posterior ocelli (S3) and a pair laterad 
of the anterior ocellus (S4). S5 lies on the 

vertex forward of S4 and between the top 
of the scrobes and the eye. S6 is located 

near the edge of the eye about 1/2 way 
down the orbit. In all the species exam- 
ined to date, S1, $2, S3, and S6 are always 

present. S4 and S5 may be either reduced 

or absent. 

In addition to the enlarged setae, there 

are also several smaller setae, some of 

which occur in pairs: (Fig..23). Whereis 
generally a row of setae behind the eye 
and below the occipital carina (srl). There 

is a pair of small setae (ssl) near the oc- 

cipital carina between S1 and S2. Between 
and slightly behind the posterior ocelli are 
one or two pairs of small setae (ss2) that 

are occasionally absent. Laterad of S4 

there is a single small seta (ss3) and lat- 

erad and below S6 there is an irregular 
line of setae (sr2) that usually extends to 

the bottom of the eye. 
The antenna has four funicular seg- 
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Figs. 1-3. Lepidopteran larvae attacked by Euplectrus. 1, A normal size clutch of E. floryae larvae feeding on 

body fluids of a pen-penultimate (third) instar of Enyo ocypete (Sphingidae). All species of Euplectrus for which 

the larvae are known except E. walteri (Figs. 4-7) display this general appearance on their host caterpillars 

(e.g., Fig 8); 2, The mummified cadaver of an ultimate (fifth) instar Paectes lunodes (Noctuidae) caterpillar afte 

the larvae of E. joesi have terminated their feeding on it and spun cocoons between the cadaver and the leat 

firmly silking/gluing the cadaver to the cocoons (see Fig. 3). Fourteen spheroidal meconial pellet m 14 

wasp larvae surround the cadaver. This is the pupation method used by all species of Evplect ept 

for E. walteri (Figs. 4-7); 3, The side-by-side and often head-to-toe cocoons/pupae of |! or the 

mummified cadaver of their host caterpillar (and see Fig. 2) has been stripped awa this 

manner, the pupae often die of apparent desiccation unless placed in a high-humis 

ments (F1-F4) followed by a club or clava_ in females) to gre zed and bal- 

(Fig. 25). The female scape is cylindrical loon-like (Fig. 50 scapes possess 

and 4-6 as long as wide. The male scape groups of sensilla . appear as round 

shows great variation from cylindrical (as clear areas in slide-mounted specimens 
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Figs. 4-6. Sphingid larvae attacked by Euplectrus walteri. 4, Two females waiting to oviposit after this pen- 

penultimate (third) instar Manduca barnesi has molted to penultimate instar, the instar usually parasitized by 

Euplectrus waltert when attacking the larger of the species of Manduca. This caterpillar was within 24 hours of 

molting. The wasps clung tenaciously to the caterpillar despite being banged around in a plastic bag and 

roughly transported from the forest to the laboratory where the photograph was taken. 5, One or several 

clutches of partly grown Euplectrus walteri larvae feeding on an ultimate instar Manduca dilucida (dark morph). 

6, A clutch of full-grown larvae just beginning to spin the first strands of silk of their aggregate cocoon on 

the back of a just-died penultimate (fourth) instar Manduca florestan. The distended ceratopogonid fly sucking 

caterpillar blood on the far right is Forcipomyia prob. fuliginosa (Art Borkent, pers. comm.). 
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(Figs. 19-21). The patterns of these sensil- 

lae along with the shape of the scape is 
often species-specific (Figs. 27-39). 

Abbreviations for measurements and 
ratios are as follows (Figs. 23, 24): OD: 

OOD is the longest ocellar diameter com- 
pared to the distance between the ocellus 
and the eye (ocell-ocular distance); FW: 

EW is the ratio of the width of the face 
(distance between the margins of the eyes 

at the midpoint) to the width of the eye 
(distance from the margin of the eye to the 
edge of the eye when viewed from the 
front of the head). Height of the eye (EH) 

is the distance from the bottom of the eye 
to the top of the eye when viewed either 
from the front or laterally. The malar 
space (MS) is the distance from the bottom 
of the eye to the oral opening. 

Rearing.—Wild-caught caterpillars were 
individually reared and databased as part 
of an ongoing inventory (http://janzen. 

sas.upenn.edu and Janzen and Hallwachs 

2000) of all the caterpillars of the dry for- 

est, cloud forest, and rain forest of the 

Area de Conservacion Guanacaste (ACG) 

in northwestern Costa Rica (http:// 

www.acguanacaste.ac.cr). Each caterpillar 
was maintained in a plastic bag or glass 
bottle at ambient temperatures while it 
and/or its parasitoids developed. When 
parasitoids appeared, or in this case, when 
the Euplectrus larvae were noted on the 
caterpillar, the caterpillar was isolated in 
a glass bottle with a small amount of food 
plant as a perch, to maintain humidity and 
serve as a substrate for the cocoon-spin- 
ning of the Euplectrus larvae. Euplectrus co- 
coons were monitored daily, and when 
the wasps eclosed, they were preserved in 
alcohol for later shipment to the senior au- 
thor. Euplectrus adults were noteworthy 
for generally living at least 48 hours in the 
rearing container before dying (of starva- 
tion?) while other similarly-sized Eulophi- 
dae, Braconidae and Ichneumonidae rare- 

ly survive more than 24 hours in the rear- 
ing container without being fed. 

This methodology of caterpillar and 
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parasitoid surveying suffers the limitation 
that once the caterpillar has been found in 
nature and brought into captivity, it and 
its parasitoids are no longer available for 
parasitization or hyperparasitization. This 
means that the percentages of parasitiza- 
tion recorded here represent the minimal 

possible. Equally confounding is that cat- 
erpillars are captured at all stages in their 
development, with the result that a simple 
comparison of the number of caterpillars 
parasitized against the number of cater- 
pillars captured may severely underesti- 
mate the intensity of parasitization. This 

underestimation is because in the case of 
some species of Euplectrus, the wasp larvae 
kill the caterpillars during instars prior to 
the last instar. The number of “unparasit- 
ized” later instars found is therefore mean- 
ingless vis-a-vis Euplectrus percent parasit- 
ization. It should be emphasized that all 
sphingid caterpillars that have been found 
in the wild in the inventory are captured 
and reared in captivity, so there is no bias 

generated through seeking just those in- 
dividuals parasitized by Euplectrus. 

There were two kinds of Euplectrus iden- 
tifications produced in this study. The most 
certain are those where wasps eclosed. All 
of those were identified by the senior au- 
thor, a eulophid taxonomist. In 20-30% of 
the cases of parasitization by the uniquely 
distinctive external green larvae of Euplec- 
trus (Fig. 1), the wasp larvae died when at- 
tempting their relocation below the cadav- 
er or died because of severe rearing con- 
ditions (excessive heat, moisture, desicca- 

tion). For Euplectrus floryae, E. walteri, E. 

mariae and E. josei, the junior author (a Eu- 

plectrus ecologist) identified those dead lar- 

vae based on their distinctive cocoons, tim- 

ing of attack, and taxon of host. These iden- 

tifications are pooled with those of the se- 

nior author when attempting to tease out 

the intensity of attack and certain questions 

of parasitoid host specificity, but may also 

be treated as two separate classes of data 

at the wishes of the reader, since each re- 

cord is individually documented in the da- 
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tabase and the identifier identified (http:/ scribed here (Table 1) is deliberately min- 

/janzen.sas.upenn.edu). imal. More detailed information on a par- 
The basic collection locality and date in- ticular rearing may be found at http:// 

formation for all the reared Euplectrus de- janzen.sas.upenn.edu. 

Table 1. Host associations for the 11 new species of reared Euplectrus described here from the ACG. All 

records are from wild-caught caterpillars of the species indicated. Details may be found in the individual 

records in Janzen and Hallwachs (2000). 

Number of Number 
Euplectrus hosts susceptibles 
species Host parasitized reared % Parasitized 

anae Sphacelodes vulneraria (Hubner) (Geometridae) il 197 0.5 

floryae Enyo ocypete (L.) (Sphingidae) 84 1010 8.3 

Perigonia ilus Boisduval (Sphingidae) 7 256 6.6 

Perigonia lusca (F.) (Sphingidae) 2 73 DG 

Aellopos fadus (Cramer) (Sphingidae) 4 256 1.6 

ireneae Motya abseuzalis (Walker) (Noctuidae) 1 29 oho) 

ivonae Euscirrhopterus poeyi Grote (Noctuidae) 1 174 0.6 

josei Paectes lunodes (Guenée) (Noctuidae) ll 73 15.0 

magdae Dasylophia maxtla (Shaus) (Notodontidae) 1 29 Sul 

Dasylophia basitincta Dognin (Notodontidae) 1 65 13 

Dasylophia nr. goraxa Schaus (Notodontidae) 1 12 8.3 

mariae Concana mundissima Walker (Noctuidae) 30 194 15:5 

Elymiotis attenuata (Walker) (Notodontidae) 7 2S 3:3 

Dasylophia nr. goraxa Schaus (Notodontidae) 1 12 8.3 

orias Geometridae il 1885 0.05 

ronniel Oxidercia toxea (Stoll) (Noctuidae) ] 9] le: 

Cautethia spuria (Boisduval) (Sphingidae) i 110 0.9 

walteri Manduca barnesi (Clark) (Sphingidae) 1 34 2.9 

Manduca dilucida (Edwards) (Sphingidae) 4 112 3.6 

Manduca florestan (Cramer) (Sphingidae) 19 163 EZ 

Manduca lanuginosa (Edwards) (Sphingidae) 3 68 4.4 

Manduca rustica (F.) (Sphingidae) 3 26 AAAS) 

Perigonia ilus Boisduval (Sphingidae) 1 181 (}95) 

xiomarae Hemiuceras clarki (Notodontidae) Schaus 6 183 Bus) 

Hemiceras corema Schaus (Notodontidae) 1 71 1.4 

Hemiceras nigrescens Schaus (Notodontidae) 1 521 0.2 

Rosema attenuata (Notodontidae) 14 111 12.6 

KEY TO SPECIES OF COSTA RICAN EUIPEECTRUS 

1. Either face beneath toruli marked light brown or black (Fig. 15) or hind coxae brown to black 

CR eG) aha cases SB Sesh ce wie eg we Ja adage Was 4:29 ws lung te Gi oe ae a ai cee eRe de 2 

— Face beneath toruli all yellow (Figs. 12, 13, 16) and hind coxae light yellow or white (Fig. 10) 

TS ee ee een ee eee em et rey ree ah ho a Ae ear eee 9 

2. Apical flagellomeres dark and contrasting with yellow to light brown F1 (Fig. 22) ....... 3 

— Apical flagellomeres same color as F1 or only slightly darker .........:5.....004.005; 4 

3. Width of face about 4X width of eye viewed from front (to measure FW:EW, see Fig. 24); 

posterior ocellus about 2X its own diameter removed from the margin of the eye (Fig. 49); 

mandibles yellow, male scapes greatly swollen (Fig. 50) ..............-.. furnius Walker 

— Width of face about 2.5X width of eye viewed from front; posterior ocellus about 1.25X or less 

its own diameter removed from margin of eye; mandibles brown, male unknown ........ 
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Figs. 7-9. Lepidopteran larvae attacked by Euplectrus. 7, The aggregate cocoon of a clutch of 100-200 Fi 

plectrus walteri pupae ringing the semi-decomposed mummy of an ultimate (fifth) instar Manduca dilucida that 

was their host. The ruff of cocoons is a single dense unit with the cocoons tightly packed together and bound 

together by silk and glue. This is the only species of Euplectrus known to make an aggregate coco. his 

nature. 8, A normal-sized clutch of E. xiomarae larvae feeding on body fluids of a penultima nstar 

Hemiceras clarki (Notodontidae). 9, The mummified cadaver of a penultimate (fourth 

(Notodontidae) caterpillar after the larvae of E. xiomarae have terminated their feedit pun cocoons 

between the cadaver and the leaf, firmly silking/glueing the cadaver to the coc | spheroidal 

meconial pellets are suspended on the outer surface of the silk aggregate cocoon pation method 

used by all species of Euplectrus known except for E. walteri (Figs. 4-7) 
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16 

.dind.coxa yellow or very jich? brown (Pie M0) 200.02 0e nin tae $oeeswe Voce dues eee 5 

Hind coxa dark browmor Diag (Pig MINe er ata ee 4 ao ceeds od Sa eee eter 6 

. First tarsomere of hind leg about equal in length to second; postero-lateral margin of scutellum 

overlapping imetanotum.(Piss 43). 22 eens ack 42 oe oes oer carlowae, new species 
First tarsomere of hind leg much longer than second; postero-lateral margin of scutellum not 
Overlapping: MelanOll tesa ase ee ry ass se vee eae oe ees edithae, new species 

. Posterior margin of scutellum overlapping anterior edge of metanotum medially (Fig. 68, 69); 

anterior median propodeal carina split into a V-shape, not enlarged and cup-like (Fig. 69) . . 

se ieee ee ne ere en eee oe atin ah 6% a Sos tauren ls ene rojasi, new species 
Posterior margin of scutellum not overlapping anterior edge of metanotum medially, at least 

two distinct alveoli visible at anterior edge of metanotum (Figs. 53, 59); anterior median pro- 

podeal carina expanded and protruding from surface of propodeum, invaginated and cup-like 

CSA Oat Gree ee ade ed Odi ai: oheiontal a: RMR abe 6% dye eee aoe ce ences ae eee on 7 

. One pair of small setae (ss2) present between lateral ocelli (Figs. 66, 82) .. orias, new species 

No smiall-setae:(ss2)' between lateral ocella (Pig: 05) 2.50 ee as es oe eee oe = se 8 

. Mandibles brown; malar suture present at least below eye margin (as in Fig. 67) ......... 

See Net eae ee ere reals ON es Sui Bi amy Ly Sed Se Sele, ee ees valverdi, new species 

Mandibles yellow; malar suture absent ........................ xiomarae, new species 

. Occiput between posterior ocelli with 2 pairs (4) of small setae (ss2) (Fig. 46) .......... 10 

Occiput between posterior ocelli with 1 pair (2) or no small setae (ss2) (Fig. 49) ........ 11 

. Yellow color on face extending about 1/2 way up eye margin and above level of toruli (Fig. 

Ahr arena rane ovis una aor alt abana cong sme Aer ore ing ts eerie na ree a ete floryae, new species 

Yellow color on face restricted to below and between toruli, not extending up along margin 

6) ir anton (eT gM ar bac ps he ae ee a eee SERS E ee Sere S eee ee eect whee josei, new species 
. Posterior ocellus less than 1 diameter from edge of eye (see Fig. 23); width of eye more than 

Le 7 Wvailela Ho trated CE (1S ho oat tact eh ate ee eee gen er eee ee ireneae, new species 

Posterior ocellus more than 1 diameter from edge of eye; width of eye less than 1/2 width of 
CLC ee a ag ee eee eS ee ee ee ee Ter ey 12 

. Toruli separated by about 4X their own diameter (Fig. 13). ......... walteri, new species 

Toruli separated by about 2-2.5X their own diameter ............... 00000 cece eee 13 

. Funicular segments F1—4 all about 3X as long as wide and F1-3 all about same length as club 

(cae 4c) SO eee ee ee ee ee eee wee a ee Ce arene eee et at ee hansoni, new species 

At least one of funicular segments F1-4 less than 3X as long as wide, generally only 2X as 

long as wide or less; F2-4 usually much shorter than club .................000 0000 14 

, malanseehcetanumber(s: (So Fign25)presenk -co.'a4 40s Geet oases Mites soon oe 15 

Enlarged: setae muinber >. absent... csphesauaes co pete Mee cele oe erties ean ee ee 18 

. Anterior metanotum with a single large alveolus, sometimes divided medially into two large 

alveoli (Fig. 59); propodeum distinctly reticulate over entire median surface ............ 

Ce ee ee ee ee ee ner ee en erg ree er re ere. madgae, new species 

Anterior metanotum with a thin line of small alveoli (Fig. 40); propodeum not distinctly 

reticulate over surface, usually lightly reticulate or smooth and shiny ................ 16 

Petiole distinctly wider than long; propodeum adjacent to median carina with irregular small 

carinae, appearing rugose; metasoma light brown to brown in apical half .............. 

Ee er eee eee tet aE ee he yee ee anae, new species 

Petiole as long as wide or longer than wide; propodeum adjacent to median carina smooth 

or very lightly reticulate; metasoma dark brown to black apically .................-. 17 

- Pileabout 3X. asslone as Wide: 2% .7 ees ae eeee dae asacnt awe solitarius Ashmead 

Flabpout Daas Jone as wide ins gveye sae yn oe beeen & ese eee comstockit Howard 

. Yellow coloration of face extending laterally beyond the outer edge of the toruli, often reaching 

io umderthe eye (Bie V6)". ser ncviunis andere e hae as Wes wa a eeigue ae ivonae, new species 

Yellow coloration of face restricted to between and below the toruli, occasionally slightly 

laterad of the toruli, butmot to near or undereye: 2.3 045 2259415 ds ad. essen ees il) 

. Propodeum immediately laterad of median carina with small irregular carinae (appearing 
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somewhat rugose) or lightly reticulate; petiole wider than long. Male scape with small brown 
sensory area on ventral edge which extends at most (2/ 

with 2-3 irregular rows of sensillae 

> or more) of length of scape (Fig. 30) 

mariae, new species 

— Propodeum laterad of median carina mostly smooth; | pe sole as wide as long. Male scape with 

small brown sensory area on ventral edge which extends for less than 1/2 length with only 

a single row of sensillae (Fig. 31) 

ECOLOGY 

Euplectrus floryae Schauff.—This species 

is a common parasitoid (Table 1) of sec- 

ond instar Enyo ocypete (Sphingidae), a 

medium-sized caterpillar that feeds on 
Dilleniaceae in the dry forests of the ACG 
(Fig. 3). It is likely that this small sphingid 
supports most of the Euplectrus floryae 
population in these forests. This Euplectrus 
has not been found in any of the ACG rain 
forest or cloud forest. Parasitized Enyo 

ocypete larvae have been found feeding on 

Tetracera volubilis L. and Curatella ameri- 
cana L. This sphingid feeds also on Davilla 
kunthi A. St.-Hil. and Doliocarpus dentatus 
but in such low numbers that the absence 
of Euplectrus floryae records on these cat- 
erpillar food plants may be a sampling ar- 
tifact. The parasitized Enyo ocypete cater- 
pillars were found in sites ranging from 
fully isolated habitats (mostly Curatella 
americana) to the deep shade of old-growth 
forest (mostly Tetracera volubilis L.). 

Only one Enyo ocypete wild-caught first 
instar was found to have Euplectrus floryae 
on it, and that one died without its three 

parasite larvae completing development 
(92-SRNP-835). However, many Enyo ocy- 

pete larvae have been found in nature as 
second and third instars with Euplectrus 
floryae feeding on them. Only two fourth 
and no fifth (last) instar Enyo ocypete lar- 

vae have been found with Euplectrus flor- 
yae on them. These records imply that 
once the caterpillar has reached the pen- 
ultimate or last instar, it is immune or un- 

attractive to the wasp adult. It appears 
that oviposition normally occurs on sec- 

ond or third instar larvae. A single cater- 
pillar normally supports 5-10 Euplectrus 

floryae larvae in a single group. We as- 

r onniel, new species 

sume that this represents a single OVIpo- 

sition by a single female. 

There is no suggestion that the sphingid 
caterpillar molts after wasp oviposition 

occurs. The wasp larvae develop from mi- 
nute, glabrous, green protuberances in a 
cluster to a tight cluster of large globular 
green larvae (Fig. 3) at the same point on 

the back over a period of 4-8 days. They 
do not move about and feed with their 

heads always inserted in the same hole. 

The caterpillar does continue to eat leaves 

during this period, but stops feeding in 1— 

2 days before the wasp larvae release their 
feeding position and move to underneath 

the moribund caterpillar to spin their co- 

coons on the leaf underside (e.g. Figs. 2, 
3) (where the caterpillar also rests when 
unparasitized). The beige/brown silk co- 
coons are adjacent with their long axis at 

right angles to the long axis of the cater- 
pillar, alternately oriented to the left and 

right, with the meconial pellet clearly vis- 

ible at the tip of the cocoon. The cocoons 

are tightly glued between the ventral sur- 
face of the cadaver and the leaf. The co- 

coons are enmeshed in a distinctive silken 

matrix resembling a loose basket. The ca- 

daver becomes a mummified strap of tis- 

sue perched on top of the cocoons. 
The wasps spend 7-12 days in their co- 

coons. However, while wasp eclosion date 

is accurately recorded (see text account of 

specimens examined), some of the shorter 

development times of 7 days may be cases 

noticed for 1- 

It is likely 

ocoon is about 

where the cocoons were not 
2 days after they spun. 

that the usual time 
8 days. There is no evi 

by pupae in cocoons spun at any time in 

Only 

Euplectrus floryae been 

were 

in the ¢ 

lence of dormancy 

the rainy season once has a cater- 

pillar parasitized by 
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found in the dry season, and in this case 
there was no indication of dry season dor- 
mancy (92-SRNP-524). 

The overall phenology of Enyo ocypete 
second and third instars in this dry forest 
habitat is that they first appear on Cura- 
tella americana L. in small numbers in Feb- 

ruary—April, and then in much larger 
numbers in May-June. In June-July, there 

are large numbers on Tetracera volubilis L., 
followed by a very few individuals on 
both species of plants through December. 
One Euplectrus floryae record is in Febru- 
ary and one at the end of September. As 
a general pattern, it appears that the Eu- 
plectrus floryae population could have as 
many as 4—5 consecutive generations on 

the Enyo ocypete population beginning in 
early May-July. It survives the August-to- 
April last half of the rainy season and 
nearly all of the dry season as non-repro- 
ducing adults. It is unknown whether they 
migrate to a wetter part of Costa Rica, or 
“hide” in local moist areas within the dry 
forest. They do not appear in Malaise 
traps at any time of the year, even when 
these traps are in the middle of the forest 
habitats in which they are breeding, only 

a few meters from parasitized caterpillars. 
The overall results of the caterpillar rear- 

ing program in this forest suggests that 
Euplectrus floryae does not use an alternate 
host caterpillar species or family at these 
other times of the year. 

The few records of Euplectrus floryae 
from Cautethia spuria, two records from 

Aellopos fadus, and 18 records from Peri- 
gonia ilus and Perigonia lusca (these two 
species are nearly indistinguishable as lar- 
vae) (Table 1), probably represent minor- 
ity hosts for Euplectrus floryae. These four 
sphingids suffer no more than 2% parasit- 
ization by E. floryae, while, for example, of 
200 larvae of Enyo ocypete collected in the 
second and third instars (the key suscep- 
tible stages), 25% had Euplectrus floryae on 
their backs. The parasitization of non-Enyo 
ocypete caterpillars occurs at the same time 
of year (the first half of the rainy season) 
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as do the bulk of the rearing records from 
Enyo ocypete. 

Euplectrus floryae is essentially the only 
hymenopterous parasite in the ACG dry 
forest habitat that kills Enyo ocypete prior 
to the last instar (except for two braconid 
rearings and one ichneumonid from 1240 
caterpillars). The other parasitoids of Enyo 
ocypete are two species of Tachinidae; their 
larvae emerge from the caterpillar at the 
end of the last instar (Drino piceiventris) or 
the adult fly ecloses from the pupa (Bel- 

vosia sp.). While this forest has thousands 

of species of hymenopterous and dipter- 
ous parasitoids of caterpillars, Euplectrus 
floryae shares Enyo ocypete with only two 

of them. The two fly parasites may get 
into their hosts as early as the second in- 
star, but more commonly do so in the 3— 

5th instars. In effect, Euplectrus floryae uti- 

lizes its portion of the host population ear- 
ly in caterpillar development, and then the 
tachinid flies take their portion after that. 

The four species of dilleniaceous plants 
used by Enyo ocypete in this dry forest hab- 
itat are also fed on by caterpillars of the 
small sphingids Aleuron iphis, Unzela japix, 

Unzela pronoe, and Pachygonidia drucei. 
However, of a total of 463 caterpillars of 
these species reared to date, none were 

parasitized by Euplectrus. These plants are 
also fed on by five species of Noctuidae, 
and no Euplectrus have been found on 
these caterpillars. 

In summary, Euplectrus floryae is un- 
ambiguously a specialist on Enyo ocypete 
in this dry forest, but it uses at least four 

other species of very abundant sphingid 
caterpillars, none of which feed on the 
Enyo ocypete host plants, at a low frequen- 
cy. It is “ignoring”’ in some sense at least 
50 other species of sphingid caterpillars 
and a thousand or more species of other 
caterpillars whose size would not pre- 
clude sucessful E. floryae development in 
this dry forest habitat. Like all other Eu- 
plectrus reared in the ACG, it has never 

been found in rainforest or cloud forest, 
either with traps or by rearing. 
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Euplectrus treneae Schauff.—This species 
has been reared only once out of 29 rear- 
ings, from a rare and highly seasonal 
small green noctuid caterpillar, Motya ab- 
seuzalis L. This caterpillar feeds on the 
leaves of Conocarpus erecta (Combretaceae) 
during the second month of the rainy sea- 
son in the ACG dry forest at the edge of 
the coastal mangrove forest. Euplectrus ir- 
eneae uses its last instar caterpillar host the 
same way as does Euplectrus mariae. This 
host caterpillar, and the other caterpillars 
on the edges of the ACG mangrove 
swamps, have not yet been censused suf- 

ficiently to be able to say anything about 
the relative abundance or specificity of Eu- 
plectrus ireneae. 

Euplectrus tvonae Schauff.—This species 
has been reared only twice out of 174 rear- 
ings of an extremely abundant and highly 
seasonal noctuid Euscirrhopterus poeyl. 
This caterpillar feeds on Pisonia macrantho- 
carpa Donn.-Sm. (Nyctaginaceae) only 
during the first week before and after the 
rainy season begins. This small eulophid 
wasp may either occur at an extraordi- 
narily low density or it normally uses 
some other species of caterpillar that has 
not yet been censused in the caterpillar in- 
ventory and feeds on some other host 
plant Euscirrhopterus poeyi Groteand two 
very low density leaf-rolling pyralids, Psa- 

ra hesperialis and Psara prummides, are the 
only species of caterpillars feeding on Pi- 
sonia macranthocarpa Donn.-Sm. in the 
ACG dry forest. 

Euplectrus joset Schauff.—This species 
has a relationship to its sole host, Paectes 

lunodes (Noctuidae), that is essentially 

identical to that of Euplectrus mariae to its 
primary host. 

Euplectrus magdae Schauff.—This species 
occurs at very low density on Dasylophia 
spp. (Notodontidae) in dry forest (Table 
1). It shares this host genus with Euplectrus 
mariae, which is much more abundant, 
however on other caterpillars. 

Euplectrus mariae Schauff.—This species 
appears to be a monophagous specialist 
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on penultimate instar larvae of Concana 

munidissima, a medium-small noctuid that 

feeds on three species of Malpighiaceae 
(Byrsonima crassifolia (L.) Kunth in HBK, 

Hiraea reclinata Jacq., Heteropterys laurifolia 
(L.) A. Juss. in the ACG dry forest and on 

penultimate instar Elymiotis attenuata (No- 

todontidae) also feeding on Malpighiaceae 
(Table 1). The few records of parasitizing 

last instar larvae may be correct, or may 

have been penultimate instar larvae. Its bi- 
ology of host use is essentially identical to 

that of Euplectrus floryae, except that Eu- 
plectrus mariae has been found only in the 
May-June first two months of the rainy 
season (Concana mundissima also breeds al- 

most entirely during the first three months 
of the rainy season). There is no hint of 
pupal dormancy by Euplectrus mariae, so 

we assume that it passes the remainder of 
the year as a reproductively dormant 
adult or migrates to a wetter area to the 

east to have further generations. 
There are 37 records of Euplectrus mariae 

from about 150 suitable-sized caterpillars 
of Concana mundissima captured to date. 
No other noctuid caterpillar resembling, 
or taxonomically similar to, Concana mun- 
dissima is attacked by any species of Eu- 
plectrus in this forest. This small Euplectrus 
(5-10 larvae per caterpillar) could conceiv- 
ably parasitize any one of at least a thou- 
sand species of caterpillars living in the 
habitat of Concana mundissima. 

Euplectrus mariae shares Concanna mun- 

dissima with 4 species of microgastrine 
braconid wasps and four species of tachi- 

nid flies. All together, these parasitoids 

take about 35% of the Concana mundissima 

caterpillars (which is exceptionally high 

for this inventory), and Euplectrus mariae 

is responsible for about half of this cater- 

pillar mortality. 
Euplectrus walter! Schauf 

frequency parasitoid of penultimate (usu- 

ally) and ultimate (rarely) larvae of vari- 

ous species of Mariduca (Sphingidae) (Ta- 

ble 1). There has been one or more rearing 
of Euplectrus walteri from all five of the 

[his is a low 
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common Manduca species in the ACG dry 
forest. Ihe absence of Euplectrus walteri 
from the two rare species (Manduca sexta, 
Manduca hannibal) is probably due to the 
very low numbers of these caterpillars 
found to date. The single record of Euplec- 
trus walteri from 381 caterpillars captured 
of Perigonia ils undoubtedly represents 
an “abnormal” host record. These records 
indicate that either Euplectrus walteri is ig- 
noring the more than 50 other species of 
sphingid caterpillars in this habitat (more 

than 15,000 rearing records), or is unable 

to develop in them (though the single Per- 

igonia ilus record implies that the latter is 
unlikely). The larvae and cocoons of Eu- 

plectrus walteri are so distinctive that it can 

be stated with certainty that they are not 
using the caterpillars of any other species 
in the ACG dry forest (based on a sample 

of more than 50,000 caterpillars large 
enough to potentially host at least a small 
group of Euplectrus walteri larvae) 

A single Euplectrus walteri (Fig 4) lays 

up to several hundred eggs on the back of 
a (usually) penultimate instar Manduca, 

and the larvae develop into a large patch 

of fat elongate green larvae tightly packed 
into one feeding area (Fig 6). In all cases, 

all the larvae have been bunched together 
in one place, as if all the eggs were laid 
there by a single female. In the one case 
of oviposition observed, there were two 
females on the caterpillar (Fig 4) but only 
one was observed to oviposit. As with 
other Euplectrus larvae, they are strongly 
attached to the caterpillar cuticle by their 
mouthparts. Before the end of the cater- 

pillar’s penultimate instar they have de- 
veloped to full size, released their hold, 

and spread into a ruff around the mori- 
bund caterpillar as they spin their cocoons 
(Fig. 7). The cocoons are stuck to one an- 

other and constitute a tight brown thick 
ruff around the caterpillar, which is dead 
but still clinging to the host plant leaf by 
the proleg crochets. When rearing this 
species, it is important not to disturb the 

caterpillar or wasp larva at the time that 
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they release their hold on the caterpillar 
and move to their spinning site, as they 

easily fall off the caterpillar, become dis- 
oriented, and die. The wasps eclose over 
a 1-2 day period 10-14 days after spin- 
ning. There has been no suggestion of pu- 
pal dormancy during any of the 16 rear- 
ings. 

Euplectrus walteri has been found para- 
sitizing Manduca from June through No- 

vember. Manduca caterpillars are absent 
from the ACG dry forest habitat for the 
other months of the year and are extreme- 
ly rare after July. Either they pass the end 
of the rainy season and the dry season as 
reproductively dormant adults, or they 

migrate to the wetter portions of the ACG 
and points further to the east in the Carib- 
bean lowland rainforest. However, we fa- 

vor the former hypothesis since there are 
to date neither rearings nor Malaise trap 
records of Euplectrus walteri from any wet 
portion of Costa Rica. 

Euplectrus walteri occurs at low frequen- 
cy (32 cases out of more than 230 penul- 
timate instar records), and shares its Man- 

duca hosts with a microgastrine braconid 
(Microplitis sp.), three species of ichneu- 
monidae (Janzen and Gauld 1997), and six 

species of Tachinidae in the ACG dry for- 
est. It is important to recall that if the cat- 
erpillar is collected prior to the penulti- 
mate instar, it cannot have E. walteri in it. 

In the three cases where Euplectrus walteri 
appeared to have attacked a last instar cat- 
erpillar, it could either be an exceptional 
record or the caterpillar was incorrectly 
determined to be a last instar. 

In addition to being the largest of the 
Euplectrus species reared in this study, Eu- 
plectrus walteri produces 10-20 times the 
number of wasps per caterpillar attacked 
as do the other species, and attacks the 
largest caterpillars known to be attacked 
by any species of Euplectrus. Euplectrus 
walteri also uses 3-6 days longer in the pu- 
pal stage than do the other smaller species 
of Euplectrus. 

Euplectrus xiomarae Schauff.—This spe- 
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cies is a specialist on early instar larvae of 
Hemiceras and Rosema (Notodontidae) 

feeding on Inga (Fabaceae). It has not been 

found on any of the tens of species of oth- 
er caterpillars feeding on Inga in the same 
dry forest. 

TAXONOMY 

Euplectrus anae Schauff, new species 

(Figs. 34, 40-42) 

Diagnosis.—Face below and between to- 
ruli yellow, not extending to eye or past 
gena (Fig. 13); legs yellow; one pair of se- 
tae ss2 between lateral ocelli (as in Fig. 70); 

all setae S1-6 present (see Fig. 23); longi- 

tudinal carina on mesoscutum nearly 

complete, midlobe without small setae; 

scutellum finely reticulate; propodeum 
laterad of median carina nearly smooth; 
petiole wider than long. 

This species is similar to E. magdae 
which also has all the major setae on the 
face present. It can be differentiated by the 
petiole being longer than wide whereas 
related species all have the petiole as wide 
as long or wider than long. 

Description.—Female. Body length 
2.25mm. Color: body mostly black except 
the following: face below and between to- 
ruli yellow, not extending to eye or past 
gena; antenna with scape white to light 
yellow, flagellum yellow; mandibles 
white; legs yellow; dorsal metasoma with 
large central yellow area extending from 
just behind petiole posteriorly for about 
2/3 length, becoming darker in posterior 
1/4, laterally dark brown; ventral meta- 

soma yellow. Head. Dorsally with one pair 
of minor seta ss2 between posterior ocelli 
(as in Fig. 70) inserted near occipital cari- 

na; seta S5 reduced, setal row sr2 present 
as 2-3 irregular rows of 10-15 setae reach- 
ing the bottom of the eye; occipital carina 

present medially; width of eye: width of 

face 12:35; posterior margin of eye sepa- 
rated from margin of head ventrally. Ratio 
of MS:EH 15:29; lateral ocellus more than 

1 diameter from eye (OD:OOD 12:10). 

19S 

Face 

narrow 

elow eyes rounded, not abruptly 
ing. Vertex under anterior ocellus 

reticulate to alutaceous. Toruli separated 

by about 2 their own diameters. Ma- 

lar suture absent. Area under eye irregu- 

larly reticulate to alutaceous. Scape 4X as 
long as wide. Ratio of funicular segments 
12:11:11:11:16, width 6 at F1 to 7 at club, 

each flagellar segment with scattered 
semierect brown setae, not arranged as 

whorls basally. Mesosoma. Pronotum an- 

terior to transverse carina with scattered 

setae, finely rugosely reticulate, posterior 

to carina more openly reticulate and 
shiny. Mesoscutum (Fig. 42) rugosely re- 
ticulate in anterior 1/2, becoming more 

open, smooth, and shiny posteriorly. Mid- 
lobe with median carina fading in anterior 

1/4 otherwise complete, slightly sunken 
posteriorly, posterior setae even with sur- 
face, with no small setae antero-laterally. 

Dorsal axillar/scutellar margin with 

broad, nearly straight deep furrow with 
flat bottom. Axillae shiny, openly reticu- 

late, becoming smooth at posterior mar- 

gin. Scutellum finely reticulate and shiny 
medially to more finely and striate retic- 

ulate laterally, pointed at anterior margin 
with axillae. Metanotum bordered anteri- 

orly and medially by small alveoli, medi- 
ally expanded into a triangular flange 
(Fig. 40) with submedian carinae below. 

Propodeum laterad of median carina 

sunken and irregularly carinate alveolate, 

becoming nearly smooth laterally to the 
step-like plica, median carina with anteri- 

or cup-like flange rounded and deeply in- 
vaginated. Area around spiracle finely re- 

ticulate, lateral edge of spiracle raised 

above surface, with antero-lateral flange 

large and well defined, with 6-8 setae lat- 
erad and below spiracle. Posterior margin 

of propodeum with irregu iiveolae and 

wider than 

ily becoming 
carinae. Petiole in dor: 

long (15:10) and rugose dot 

smooth at posterior margin. Metasoma. 

Ovate, about 1.5 as long as wide, with 

continuous brown margin laterally. Legs. 

Ratio of hind tibial spur 1:spur 2:tarsus 1: 
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12:13:14, 35:23:22210:3:20, Forewimne. Taya- 

line, about 2.1X as long as wide. Costal 
cell with 2 irregular rows of setae ventral- 
ly. Venation yellow, ratio of postmarginal: 
stigmal 35:20. 

Male.-Similar to female except: body 
length 1.8 mm; face below toruli lighter 

yellow, almost white; legs yellow or 
white; dorsal metasoma with large central 

white spot, dark brown posteriorly; anten- 

na with scape white slightly swollen on 

ventral surface, with sensory area slightly 

darker and with several irregular rows of 

sensillae extending for about 3/4 length 
(Figs. 34, 41); funicle ratios 11:10:10:10:15, 

width about 6 anteriorly to 7 posteriorly, 
with numerous semi-erect brown setae on 

each flagellomere. 

Hosts.—Sphacelodes vulneria (Geometri- 
dae) 

Distribution.—Known only from the 
ACG. 

Types.—Holotype female on point: Cos- 
ta Rica, Guanacaste Prov., Area de Con- 

servacion Guanacaste, Lambert N309450 

E355300, 10 m., V. 11, 1992, 92-SRNP-747, 

D.H. Janzen & W. Hallwachs. ex. Sphace- 
lodes vulneraria (Geometridae), (deposited 

in INBIO). Paratypes: 3 females and 2 

males with the same data as holotype (de- 
posited in USNM). 

Etymology.—This species is named in 
honor of Ana Leticia Martinez Eras in spe- 

cial recognition of her dedicated attention 
to the Accounting Office for the Area de 
Conservacion, Guanacaste. 

Euplectrus carlowae Schauff, new 
species 

(Figs. 25, 43) 

Diagnosis.—Face under toruli black; all 
legs, including hind coxae, yellow; first fu- 
nicle about same length as antennal club 
(Fig. 25); posterior margin of scutellum ex- 

tended over anterior margin of metano- 
tum laterally, anterior edge of metanotum 
medially expanded outward and divided 
into two areolae; hind basitarsus about 

equal in length to second tarsomere. Eu- 
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plectrus carlowae is unusual in having the 
hind basitarsus nearly equal in length to 
the second tarsus, while in all other spe- 

cies examined the first tarsomere is much 
longer than the second. It is also some- 
what unusual in having a dark face and 
all yellow legs (although this is shared 
with E. edithae). Other species treated here 

with the face dark brown or black have at 
least the hind coxa darkened (valverdei, za- 

moral, xiomarae). The lateral expansion of 

the scutellum over the anterior edge of the 
metanotum is also distinctive. 

Description.—Female. Body length 2.2 
mm. Color: body mostly black except the 
following: antenna with scape yellow to 
brown, flagellum light brown becoming 

darker brown apically; mandibles light 
brown; enlarged setae on vertex dark 
brown to black; legs yellow; dorsal meta- 

soma dark brown to black behind petiole 
with yellow inverted T-shaped spot me- 
dially, posterior half dark brown, ventral 
metasoma dark brown behind petiole, 
then yellow up to about midpoint, then 

dark brown. Head. Dorsally with 2 minor 
seta ss2 between posterior ocelli, all setae 
S1-6 present, setal row sr2 present as 2 ir- 
regular rows of about 10 setae reaching to 
bottom of eye; occipital carina weak me- 
dially; width of eye: width of face (30:13), 

posterior margin of eye not nearly contig- 
uous with posterior margin of head over 
most of length. Ratio of MS:EH 17:29; lat- 

eral ocellus more than 1 diameter from 
eye (OD:OOD 7:8). Face below eyes 

rounded, not abruptly narrowing. Vertex 
under anterior ocellus reticulate. Toruli 
separated by about 2 their own diame- 
ters. Malar suture absent. Area under eye 
lightly reticulate. Scape 5.5 as long as 
wide. Ratio of funicular segments 18:17:15: 
13:18, width 5 at F1 to 6 at club, flagellar 

segments with small whorls of brown se- 
tae basally. Mesosoma. Pronotum anterior 
to transverse carina with scattered setae, 

finely rugosely reticulate, posterior to ca- 

rina reticulate and shiny. Mesoscutum 
(Fig. 43) reticulate, becoming more open, 
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é 
Figs. 10-17. Euplectrus. 10-11, Hindlegs. 10, E. floryae. 11, E. xiomarae 

13, E. walteri. 14, E. ireneae. 15, E. orias. 16, E. tvonae. 17, Male scape, | 



196 

smooth, and shiny posteriorly. Midlobe 
with median carina fading in anterior 1/4, 

not noticeably sunken posteriorly, with no 
small setae antero-laterally, posterior setae 

even with surface. Dorsal axillar/scutellar 
margin with broad, distinctly curved deep 
furrow with flat bottom. Axillae openly 
reticulate. Scutellum reticulate to aluta- 
ceous, smooth along posterior margin, 
posterior margin extended over anterior 

margin of metanotum laterally. Metano- 

tum laterally covered by scutellum, me- 

dially with two distinct protruding alve- 
oli, below shiny and smooth to lightly re- 
ticulate. Propodeum laterad of median ca- 
rina shiny and smooth to the step-like 

plica with occasional faint hints of reticu- 
lation, median carina distinctly raised 

above surface, with large, rounded ante- 

rior cuplike flange. Area around spiracle 
reticulate, spiracle slightly raised and even 
with surface, with antero-lateral flange 
present, with 7 setae laterad and below 

spiracle. Petiole in dorsal view as long as 
wide (12:11), rugose dorsally. Metasoma. 

Ovate, about 2 as long as wide. Legs. Ra- 
tio of hind tibial spur l:spur 2:tarsus 1:T2: 
T3:T4. .38:2217:17:12:18.. Forewing. Hya- 

line, about 2.4 as long as wide. Costal 
cell with 1 irregular row of setae ventrally. 
Venation yellowish, ratio of postmarginal: 
stigmal 31:16. 

Male.—Unknown. 

Hosts.—Unknown. 

Distribution.—Known only from Puntar- 
enas and Alajeula. 

Types.—Holotype female on point (an- 
tenna and wing slide-mounted) with data: 
“Costa Rica, Puntarenas, R. F. Golfo Dul- 

ce, 24 Km. W. Piedras Blancas, 200 m., IV- 

V 1992. P. Hanson.” (deposited in INBIO). 
Paratypes: 2 females with same data as 

holotype except I-III. 1989, 2 females XII. 

1989-III. 1990, and 2 females at 100m, III- 

V. 1989; 1 female Costa Rica: Alajuela, 
5km W. San Ramon, 1200m, I. 1997, O. 

Castro & P. Hanson (deposited in USNM, 
BMNH). 

Etymology.—This species, collected only 
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from Malaise trapping, is named for Ms. 
Tami Carlow of the Systematic Entomol- 
ogy Lab, USDA who was responsible for 
most of the scanning electron micrographs 
used in this paper and also assisted with 
specimen mounting, labelling and a vari- 
ety of other tasks vital to the completion 
of this work. 

Euplectrus comstockii Howard 
(Figs. 27, 44) 

Euplectrus comstockit Howard 1880:158. 

Diagnosis.—Legs yellow; face under to- 

ruli yellow; first funicle 2 as long as 

wide; seta 5 present (see Fig. 23), but re- 
duced; with one pair of small setae (ss2) 

between posterior oOcelli (as in Fig. 66); F1 

2 as long as wide; median longitudinal 
mesoscutal carina nearly complete; scutel- 

lum lightly reticulate and shiny medially, 

becoming striate laterally; anterior metan- 
otum with large, obvious line of alveoli 
(Fig. 44), central transverse band narrow, 

smooth; propodeum adjacent to median 

carina lightly reticulate, shiny. Petiole 
wider than long. Metasoma mostly yel- 

low, becoming brown posteriorly. Male 

scape slightly (Fig. 27) expanded near 
apex, with 2 irregular short rows of sen- 

sillae. 

E. comstockii is most similar to solitarius 

but can be separated by the petiole which 
is longer than wide in solitarius and wider 

than long in comstockit and the antennae 

which has Fl 2 as long as wide in com- 

stockii and 3X as long as wide in solitarius. 

Distribution.—Widespread in United 

States, Central and South America. 

Hosts.—The following records are pri- 
marily drawn from the literature (Burks 

1979, Noyes 1998). In a few instances they 

have been verified from specimen label 
data in collections (USNM, CNC). It is our 

opinion, based on data from the species 
reared in this study, that at least some of 

these records probably represent misiden- 
tifications of either the parasite or the host. 

Alypia octomaculata; Anomis illita; Autogra- 
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Figs. 18-22. 

22, E. zamorai, head and antennae. 

pha sp.; Caradrina sp.; Hadena luteago; Hel- 
icoverpa armigera; Helicoverpa zea; Heliothis 
sp.; Heliothis virescens; Hypena scabra; Leu- 
cania latiuscula; Neogalea sunia; Plusia sp; 
Pseudoplusia includens; Selenisa  sueroides; 
Spodoptera frugiperda; Spodoptera ornithogal- 
li; Trichoplusia ni (Noctuidae); Fernandella 

fimetaria (Geometridae); Rothschilda aroma 
(Saturniidae). 

Types. —Howard described this species 
from ‘‘two male specimens’’. He indicated 
that the original specimens had been col- 
lected by Comstock and that ‘upon look- 
ing them up, I found that two adults had 
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Euplectrus. 18, Forewing venation. 19, E. xiomarae, male scape,. 20-21, E. valverdei, male scape. 

issued”. In the U.S. National Museum col- 

lection, there is a series containing both 

males and females, on cards and points 

and all bearing the USNM type no. 2653. 

The type catalog entry for this species lists 

both male and female specimens collected 

in 1878 and 1880 by W.H. Patton and 5S. 

A. Schwarz (not Comstock) and the num- 

ber of specimens listed is “many”. How- 

ard made no mention of localities in his 

original description, but all the USNM 

specimens with locality labels are from 
collected in 1880, except 

1878 from Florida. Ac- 
Selma, Alabama, 

one collected in 
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cording to the description, the types were 
reared in 1879 during fieldwork conduct- 
ed by Comstock. None of the points or 
cards contains only 2 males. Given these 
facts, we believe it likely that none of the 
specimens labelled as types in the USNM 
collection are in fact the specimens that 
Howard used for his original description, 
but rather the specimens currently la- 
belled as types are specimens used by him 
for a subsequent redescription (Howard 
1885). Since the original type specimens 

are lost, we are erecting a neotype (present 

designation). This specimen is one of the 

series labelled as types. It is a female on a 
card with 3 other specimens and has been 
marked with an ““N” in black ink. The la- 
bel data is: ‘Selma, Oct., 81. Patton. Type 
no. 2653, U.S.N.M." 

Euplectrus edithae Schauff, new species 
(Ete 39) 

Diagnosis.—Face black below toruli (as 

in Fig. 15), legs yellow; one pair of setae 
ss2 between lateral ocelli; flagellum 
brown, funiculars about 2 as long as 
wide; malar space nearly equal to eye 
height; petiole as wide as long; postmar- 
ginal less than 1.5% stigmal. This combi- 

nation of a black face below the toruli and 

yellow hind coxae is found only in this 

species and in E. carlowae. In addition, E. 

carlowae has the second tarsomere of the 

hind leg nearly equal in length to the first 
(second tarsomere much shorter than first 

in edithae) and the lateral scutellum is ex- 

panded and overlaps the metanotum (lat- 

eral scutellum not overlapping metano- 
tum in edithae). 

Description.—Female. Body length 2.2- 
2.3 mm. Color: body mostly black except 
the following: antenna with scape yellow 
to brown, flagellum brown; mandibles 

yellow; enlarged setae on vertex yellow to 

dark brown; legs yellow; dorsal metasoma 

dark yellow behind petiole and ventrally, 

dark brown laterally. Head. Dorsally with 

2 minor seta ss2 between posterior ocelli, 
seta S5 reduced, setal row sr2 present as 2 
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irregular rows of about 8 setae reaching to 

bottom of eye; occipital carina reduced; 
width of eye: width of face (40:13), poste- 
rior margin of eye not nearly contiguous 

with posterior margin of head over most 
of length. Ratio of MS:EH 19:22; lateral 

ocellus more than 1 diameter from eye 

(OD:OOD 5:10). Face below eyes abruptly 
narrowing. Vertex under anterior ocellus 

reticulate. Toruli separated by about 2x 
their own diameters. Malar suture absent. 

Area under eye lightly reticulate. Scape 
6x as long as wide. Ratio of funicular seg- 
ments 11:11:11:11:16, width 5 at F1 to 6 at 

club, flagellar segments with small whorls 
of brown setae basally. Mesosoma. Prono- 
tum anterior to transverse carina with 

scattered setae, finely rugosely reticulate, 
posterior to carina reticulate and shiny. 
Mesoscutum reticulate, becoming more 

open, smooth, and shiny posteriorly. Mid- 
lobe with median carina complete, not no- 
ticeably sunken posteriorly, with no small 
setae antero-laterally, posterior setae even 
with surface. Dorsal axillar/scutellar mar- 

gin with relatively narrow, parallel sided 
furrow making anterior margin of scutel- 

lum distinctly V-shaped. Axillae openly 

reticulate. Scutellum reticulate to aluta- 

ceous, smooth along posterior margin, 

posterior margin not extended over ante- 

rior margin of metanotum laterally. Me- 

tanotum with a line of alveoli anteriorly. 

Propodeum laterad of median carina 

lightly reticulate, shiny and smooth to the 
step-like plica, median carina distinctly 

raised above surface, with large anterior 

cup-like flange which is somewhat trun- 
cated posteriorly. Area around spiracle re- 
ticulate, spiracle slightly raised and even 
with surface, with antero-lateral flange 

present, with 10-12 setae laterad and be- 
low spiracle. Petiole in dorsal view as long 
as wide (10:10), rugose dorsally. Metasoma. 

Ovate, about 1.5x as long as wide. Legs. 

Ratio of hind tibial spur 1:spur 2:tarsus 1: 

T2:13:T4. 37:25:25:13:1013. Forewing. Hy- 

aline, about 2.5x as long as wide. Costal 

cell with 2 irregular rows of setae ventral- 
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funicle 

24 HW 

Figs. 23-26. Euplectrus morphology. 23, Head in dorsal view. 24, Head in frontal view. 25, Female antenna 

of E. carlowae. 26, Female antenna of E. hansoni. EW = eye width. EH = Eye height. FW = Face width. FH = 

Face height. HW = Head width. MS = Malar space. OOD = Ocell-ocular distance. OOL = Ocell-ocular length. 

POL = Posterior ocellar length. S1-6 = Major setae 1 to 6. sr = setal row. ss = small setae. OD = ocellar 

diameter. 

ly. Venation yellowish, ratio of postmar- 

ginal: stigmal 32:25. 

Male.—Similar to female except: scape 
yellow to white and slightly swollen api- 
cally (Fig. 39) with two irregular rows of 
sensillae running about 2/3 length; legs 
generally yellow; metasoma darker, near- 

ly black in posterior half both dorsally and 
ventrally; funicle ratio 11:11:11:10:15, 

width 4—6 with no noticeable brown setae. 

Since the male of this species was not 
reared with the associated females, I can- 

not be absolutely positive of the relation- 

ship. However, all the specimens were col- 

lected at the same locality at the same time 

and although other species were also pre- 

sent in those collections, this male matches 

the females of this species much more 

closely, and we are sufficiently confident 

of the association to assign it to this spe- 

cies. 

Hosts.—Unknown 

Distribution.—Costa Kica. 

Types.—Holotype female with data: 

“Costa Rica, San Jose, Zurqui de Moravia, 

1600m, IV.1995, P. Hanson”, (deposited in 



200 

INBIO). Paratypes: 10 females and 1 male 

with same data except 2 collected in Jan- 
uary 1996 (deposited in USNM and 

BMNH). 

Etymology.—This species is named in 

honor of Edith Lopez Lara in special rec- 
ognition of her dedicated attention to the 
Research Center and Dormitories in Sector 

Santa Rosa of the Area de Conservacion 

Guanacaste. 

Euplectrus floryae Schauff, new species 
(Figs. 10, 12, 28, 45-48) 

Diagnosis.—Face below and between to- 
ruli yellow, extending up side of eye to 

midpoint and around face to gena and 

mouth (Fig. 12); two pairs of small setae 

(ss2) between lateral ocelli (Fig. 66); me- 

soscutal midlobe with 1-2 small setae an- 
teriorly (Fig. 48), median carina complete; 
scutellum heavily reticulate to alutaceous; 
petiole in dorsal view as long as wide and 

rugose dorsally with irregular longitudi- 
nal carina. Male antennal scape white, 
slightly swollen, with narrowly ovate sen- 
sory area containing 2-3 irregular rows of 
sensillae extending about 3/4 length (Fig. 
28), Fl slightly shorter than club. 

The coloration of the face with yellow 
running up the side of the eyes makes this 
species quite distinctive among Costa Ri- 
can species. In addition, two pairs of small 
setae between the lateral ocelli and small 
setae on the anterior mesoscutal midlobe 
distinguish it from similar species treated 
here. This species is similar to Euplectrus 
maculiventris Westwood which is wide- 
spread in Canada and the U.S. and which 
may occur in Central America. E. maculi- 
ventris has the face yellow with the yellow 
extending up the side of the eyes. How- 
ever, E. maculiventris has the median cari- 

na on the scutum nearly absent and the 

antenna of the male has the scape more 
enlarged and with 5-6 rows of sensillae, 
and the funicles are elongate and each is 
covered by elongate setae. 

Description.—Female. Body length 2.1— 
2.3 mm. Color: body mostly black except 
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the following: face below and between to- 
ruli yellow, extending laterad of toruli 

over gena, down to mouth, and up edge 
of eye to near midpoint (Fig. 12); antenna 

with scape white to light yellow, flagellum 

yellow or light brown; mandibles yellow 

to white; legs light yellow to white; dorsal 
metasoma with large central yellow to 
white area extending from just behind pet- 
iole posteriorly over entire length of dor- 
sum, becoming slightly darker posteriorly, 

lateral brown margin reduced to two 
brown spots separated medially by yellow 
and ending well before posterior margin, 

ventral metasoma yellow to white. Head. 

Dorsally with two pair of minor setae ss2 
between posterior ocelli (as in Fig. 46), in- 

serted adjacent to occipital carina, setae 
S1-6 present (as in Fig. 23), setal row sr2 

present as 1-2 irregular rows of 12-16 se- 

tae, reaching the bottom of the eye. Occip- 
ital carina strongly present over entire 

length of occiput. Width of eye: width of 

face 13:35, posterior margin of eye nearly 

contiguous with posterior margin of head 

of most of length. Ratio of MS:EH 17:31, 

lateral ocellus more than 1 diameter from 

eye (OD:OOD 6:8). Face below eyes 
rounded, not abruptly narrowing. Vertex 

below anterior ocellus reticulate to aluta- 

ceous. Toruli separated by about 2-2.2 
their own diameters. Malar suture absent. 

Area under eye lightly reticulate to 
smooth (difficult to assess because of yel- 

low coloration). Scape 5 as long as wide. 

Ratio of funicular segments 14:12:12:13:17, 

width 5 at Fl to 6 at club, flagellar seg- 
ments with small indistinct whorls of 

brown setae basally. Mesosoma. Pronotum 

anterior to transverse carina with scat- 

tered setae, finely rugosely reticulate, pos- 

terior to carina more openly reticulate and 
shiny. Mesoscutum (Fig. 48) reticulate, be- 

coming more smooth, and shiny posteri- 

orly. Midlobe with median carina well de- 
fined, fading only at extreme anterior mar- 

gin, otherwise complete, slightly sunken 
posteriorly, with one or two small setae 
antero-laterally, posterior setae even with 
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surface or slightly raised. Dorsal axillar/ 
scutellar margin with broad, curved deep 

furrow with flat bottom. Axillae shiny, 

openly reticulate. Scutellum shiny and 

lightly reticulate to alutaceous. Metano- 

tum bordered anteriorly by a narrow band 

of small alveoli, medially shiny and light- 
ly reticulate. Propodeum laterad of medi- 
an carina shiny and openly reticulate to 
the step-like plica, median carina with an- 
terior cup-like flange rounded and invag- 
inated. Area around spiracle finely retic- 
ulate or granulate, spiracle slightly raised 
above surface (Fig. 47), opening parallel to 
the surface of the propodeum, with an- 

tero-lateral flange large and obvious, with 
10-12 setae laterad and below spiracle. 
Petiole in dorsal view as long as wide (10: 

10), rugose dorsally with irregular longi- 

tudinal carina. Metasoma. Ovate, about 

1.5-2x as long as wide. Legs. Ratio of 

hind tibial spur l:spur 2:tarsus 1:T2:T3:T4. 
50:20:25: 13:10:13... Forewing. — Elyaline, 
about 2.5 as long as wide. Costal cell 
with 2-3 irregular rows of setae ventrally. 

Venation yellow to white, ratio of post- 
marginal: stigmal (28:18). 

Male.—Similar to female except: body 
length 1.8-2mm,; face white, legs white to 

light yellow, metasoma with central white 

spot only extending about 1/2 to 2/3 of 

length, dark brown posteriorly, laterally 

dark brown, sometimes interrupted me- 

dially; antenna with scape white (Fig. 45), 

slightly swollen, with narrowly ovate sen- 
sory area containing 2-3 irregular rows of 
sensillae extending about 3/4 length (Fig. 

28); funicle ratios 13:12:14:12:15, width 5, 

without scattered or whorled semierect 

brown setae on each flagellomere. 
Hosts.—Enyo ocypete, Perigonia ilus, P. 

lusca, Aellopos fasus (all Sphingidae). 

Distribution.—Known only from the 

ACG. 

Etymology.—This species is named in 
honor of Flory Granados Venegas in spe- 
cial recognition of her dedicated manage- 
ment of the main Administrative Office of 

the Area de Conservacion Guanacaste. 
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lypes.—Holotype female: “Costa Rica, 

Guanacaste Prov., Area de Conservacion 

Guanacaste, Lambert N320050 E365300, 

160m., If. 5, 1992, 92-SRNP-524, D. H. Jan- 

zen & W. Hallwachs. ex. Enyo ocypete’’ 
(deposited in INBIO). Paratypes: 3 females 
and 1 male all with the same data as ho- 

lotype; other specimens from the ACG: 2 
males with Lambert N317200 E360850, 

290m., V. 3. 1994, 94-SRNP-918; 2 males 

with Lambert N325500 E360200, 270m., 

VI. 14. 1990, 90-SRNP-112; 2 females and 

1 male with Lambert N313800 E359800, 

300m., VIII. 4. 1993, 93-SRNP-4177, ex. 

Perigonia ilus; 1 female and 1 male with 
Lambert N319000 E361150, 270m., X. 11. 

1992, 92-SRNP-5353; 1 female with Lam- 

bert N319500 E360650, 260m., VI. 8. 1992, 

92-SRNP-1115; 1 male and 1 female with 

Lambert N314500 E357850, 290m., VII. 27. 

1990, 90-SRNP-1522 ; 1 female with Lam- 

bert N314500 E357850, 290m., VI. 8. 1992, 

92-SRNP-1084; 1 male with Lambert 

N319550 E360650, 290m., VI. 10. 1992, 92- 

SRNP-1112; 2 females with Lambert 

N314500 E357850, 290m., VIII. 5. 1992, 92- 

SRNP-3929; 1 male with Lambert N319100 

E360900, 260m., V. 25. 1992, 92-SRNP-831; 

1 female with Lambert N314500 E357850, 

240m., VII. 21. 1993, 93-SRNP-2502, ex. 

Perigonia lusca; 1 male with Lambert 
N315700 E354400, 300m., VI. 6. 1992, 92- 

SRNP-1009; 1 female with Lambert 

N315500 E360200, 300m., VII. 23. 1991, 91- 

SRNP-1792, ex. Perigonia ilus; 1 male with 

Lambert N319000 E361150, 270m., I. 2. 

1992, 92-SRNP-293, ex. Aellopos fadus; 1 fe- 
male with Lambert 314800 E360500, 

300m., VII. 23. 1984, 84-SRNP-1479; 1 male 

and 1 female with Lambert N314650 

E361300, 270m., XI. 20. 1993, 93-SRNP- 

7708 ex. Perigonia ilus; 3 males with Lam- 

bert N313100 E359900, VII. 24. 

1990, 90-SRNP-1946; 1 female with Lam- 

bert N319100 E360900, 260m., VII. 13. 

female with Lam- 

260m., VI. 12. 1992, 

female with Lambert 

290m., V. 26. 1991, 91- 

1992, 92-SRNP-2612 

bert N312300 E3610 

92-SRNP-1073; 

N314500 E357850 
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Figs. 27-39. Euplectrus male scapes. 27, E. comstockii. 28, E. floryae. 29, E. walteri. 30, E. mariae. 31, E. ronniei. 

32, E. tvonae. 33, E. magdae. 34, E. anae. 35, E. josei. 36, E. xiomarae. 37, E. orias. 38, E. valverdei. 39, E. edithae. 
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SRNP-328; 2 males with Lambert N319000 

E361150, 270m., V. 10. 1994, 94-SRNP-935; 

1 female with Lambert N313800 E359800, 

300m., VI. 19. 1988, 88-SRNP-229, ex. Per- 

igonia ilus; 1 female with Lambert N314800 

E360500, 300m., VIII. 12. 1991, 91-SRNP- 

2479, ex. Perigonia ilus; 2 males with Lam- 

bert N314500 E357850, 290m., V. 28. 1991, 

91-SRNP-248; 1 female with Lambert 

N313100 E359900, 250m., VII. 4. 1982, 82- 

SRNP-368, ex. Perigonia ilus; 1 female with 

Lambert N313800 E359800, 300m., VII. 28. 

1984, 84-SRNP-1501 ex. Cautethia spuria; 1 

male with Lambert N315500 E360200, 

300m., VII. 15. 1991, 91-SRNP-1512, ex. 

Perigonia ilus; 1 female with Lambert 

N314800 E360500, 300m., VIII. 13. 1992, 

92-SRNP-3473; 1 female with Lambert 

N317200 E360850, 290m., V. 28. 1991, 91- 

SRNP-280; 1 female with Lambert 

N317200 E360850, 290m., V. 27. 1991, 91- 

SRNP-278; 1 female with Lambert 

N317200 E360850, 290m., V. 27. 1991, 91- 

SRNP-277 (deposited in USNM, BMNH, 
and CNC). 

Euplectrus furnius Walker 
(Figs. 49, 50) 

Euplectrus furnius Walker 1843:48. 
Pachyscapha insularis Howard 1897:159. (Syn- 

onymy by Bouéek 1977; see also Boucek in 

Desantis 1979). 

Diagnosis.—Apical flagellar segments 
generally darker than F1 (as in Fig. 22); 

legs yellow; face below toruli dark brown 
to black; with no small setae between pos- 
terior ocelli (Fig. 49); width of face nearly 
4x width of eye; posterior ocellus 2% its 
diameter from eye margin; scutellum 
nearly smooth, shiny, with some light re- 

ticulation; petiole wider than long; post- 
marginal vein barely longer than stigmal 
(25:20). Male antenna with scape dark 

brown, greatly enlarged (Fig. 50), and uni- 

formly covered with sensillae, with funic- 
ular segments quadrate and F3 and 4 dark 
brown contrasting with Fl and 2 which 
are yellow. 
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Euplectrus furnius is a distinctive species 
easily recognized by the dark, broad face, 

with ocelli 2 diameters removed from the 

eye, gradually darkening antennal flagel- 
lum in the female (even more marked in 

the males) and short postmarginal vein. 

The dark, greatly swollen scape of the 
male is also quite distinctive. Although 
other species of Euplectrus are known to 
have similar scapes, none of those treated 

in this study have a swollen scape that is 
also dark colored. 

Hosts.—The following records are pri- 
marily drawn from the literature (Burks 

1979, Noyes 1998). In a few instances they 

have been verified from specimen label 
data in collections (USNM, CNC). Hosts 

include Agrius cingulatus (Sphingidae); 
Antichloris eriphia (Arctiidae); Hadena lutea- 

go; Helicoverpa zea; Lamprosema_ indicata; 

Pseudoplusia includens; Rachisplusia nu; Spo- 

doptera eridania; S. frugiperda (Noctuidae). 
Distribution.—Known from Mexico 

south to Ecuador and Venezuela and west 

to the West Indies. 

Types.—The lectotype of E. furnius is in 
The Natural History Museum London (ex- 

amined). Lectotype and paralectotypes of 
E. insularis are in the USNM (examined). 

Euplectrus hansoni Schauff, new species 

(Fig. 26) 

Diagnosis— Face yellow below toruli (as 
in Fig. 13), legs yellow; one pair of setae 
ss2. between lateral ocelli; Fl—4 all about 

3X as long as wide and nearly equal to 
club (Fig.26), flagellum dark brown; post- 

marginal more than 2% stigmal (see Fig. 

18). 
This species is most easily distinguished 

by the elongate and dark brown funicle 

segments (F1—4 about 3 as long as wide 

and F1-3 nearly as long as club). In E. wal- 

teri in which F1 is also almost as long as el g 

the club, the funiculars are only about 2X 

as long as wide and the segments are yel- 
low or light brown colored. In addition, 

the long postmarginal vein (more than 2X 

as long as the stigmal) is longer than in 
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the other species where it is usually 2 as 
long as the stigmal or less. 

Description.mFemale. Body length 2.2- 
2.6 mm. Color: body mostly black except 
the following: antenna with scape yellow 

to brown, flagellum dark brown; mandi- 
bles yellow; enlarged setae on vertex yel- 
low to dark brown; legs yellow; dorsal 
metasoma dark brown to black behind 
petiole with yellow spot medially, poste- 
rior half dark brown, ventral metasoma 
dark brown behind petiole, then yellow 

up to about midpoint, then dark brown. 
Head. Dorsally with 2 minor seta ss2 be- 
tween posterior ocelli (as in Fig. 23), all 

setae S1-6 present, setal row sr2 present 
as 2 irregular rows of about 8 setae reach- 
ing to bottom of eye; occipital carina ob- 

vious medially; width of eye: width of face 
(36:13), posterior margin eye of not nearly 
contiguous with posterior margin of head 
over most of length. Ratio of MS:EH 18:30; 

lateral ocellus more than 1 diameter from 
eye (OD:OOD 6:9). Face below eyes 
rounded, not abruptly narrowing. Vertex 

under anterior ocellus reticulate. Toruli 

separated by about 2 their own diame- 
ters. Malar suture absent. Area under eye 
lightly reticulate. Scape 5 as long as 
wide. Ratio of funicular segments 19:19:19: 
17:21, width 6 at F1 to 7 at club, flagellar 
segments with small whorls of brown se- 
tae basally. Mesosoma. Pronotum anterior 
to transverse carina with scattered setae, 

finely rugosely reticulate, posterior to ca- 
rina reticulate and shiny. Mesoscutum re- 
ticulate, becoming more open, smooth, 
and shiny posteriorly. Midlobe with me- 
dian carina fading in anterior 1/4, not no- 

ticeably sunken posteriorly, with no small 
setae antero-laterally, posterior setae even 
with surface. Dorsal axillar/scutellar mar- 
gin with broad, distinctly curved deep fur- 
row with flat bottom. Axillae openly retic- 
ulate. Scutellum reticulate to alutaceous, 

smooth along posterior margin, posterior 
margin not extended over anterior margin 
of metanotum laterally. Metanotum with 
a very thin line of alveoli anteriorly. Pro- 
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podeum laterad of median carina lightly 

reticulate, shiny and smooth to the step- 
like plica, median carina distinctly raised 

above surface, with large anterior cup-like 
flange which is somewhat truncated pos- 

teriorly. Area around spiracle reticulate, 
spiracle slightly raised and even with sur- 
face, with antero-lateral flange present, 

with 6-7 setae laterad and below spiracle. 
Petiole in dorsal view longer than wide 

(14:10), rugose dorsally. Metasoma. Ovate, 
about 1.5 as long as wide. Legs. Ratio of 

hind tibial spur 1:spur 2:tarsus 1:T2:T3:T4. 
40°29°22:17:12;16; Forewing. Jtyaline; 

about 2.4% as long as wide. Costal cell 
with 2 irregular rows of setae ventrally. 
Venation yellowish, ratio of postmarginal: 

stigmal (50:23). 

Male.—Unknown. 

Hosts.—Unknown. 

Distribution.—Known only from the 

type locality. 
Types.—Holotype female, deposited in 

USNM, with data: ““Costa Rica, San Jose, 

Zurqui de Moravia, 1600m, IX.1996, P. 

Hanson”. Paratype female with same data 
deposited in USNM. 

Etymology.—This species is named for 
the collector of the types, Paul Hanson, 

who also contributed many other interest- 

ing specimens to this study. 

Euplectrus ireneae Schauff, new species 
(Figs. 14, 51) 

Diagnosis.—Face below and between to- 
ruli yellowish brown, lighter than above 
toruli; legs light yellow to white; width of 
eye more than half width of face (Fig. 14), 

lateral ocellus less than 1 diameter from 
eye; with 1 pair of setae (ss2) between lat- 
eral ocelli; setal row sr2 present as 1-2 ir- 

regular rows of 5-12 setae usually not 
reaching the bottom of the eye. 

The structure of the head with the lat- 
eral ocellus less than 1 diameter from the 
eye and the eye itself more than half the 
width of the face (frontal view) make this 

species easily recognizable from all other 
species treated. 



VOLUME 10, NUMBER 2, 2001 

Figs. 40-47. Euplectrus scanning electron microgré ? {1, Male antennae. 42, 

Mesosoma. 43, E. carlowae, Scutellum and propodeum. 44, E. comstockii, mesosoma. 45-47, E. floryae. 45, Male 

scape. 46, Head, dorsal view. 47, Propodeum. 
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Figs. 48-55. Euplectrus scanning electron micrographs. 48, E. floryae, dorsal mesosoma. 49-50, E. furnius. 49, 

Head, dorsal view. 50, Male scape. 51, E. ireneae, propodeum. 52-53, E. ivonae. 52, Dorsal mesosoma. 53, 
Propodeum. 54-55, E. josei. 54, Head, dorsal view. 55, Dorsal mesosoma. 
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Description.—Female. Body length 2.3— 
2.6 mm. Color: body mostly black except 
the following: face below and between to- 
ruli yellowish brown; antenna with scape 
white to light yellow, flagellum yellow; 

mandibles yellow; legs light yellow to 
white; dorsal metasoma with large central 

yellow area extending from just behind 
petiole posteriorly for about 1/2 length, 
and extending laterally around the side of 
the metasoma, posteriorly dark brown, 

ventral metasoma yellow. Head. Dorsally 
with one pair of minor seta ss2 between 

posterior ocelli (as in Fig. 70), inserted dis- 

tinctly above occipital carina, all setae S1— 
6 present, setal row sr2 present as 1-2 ir- 

regular rows of 5-12 setae usually not 
reaching the bottom of the eye; occipital 
carina present medially; width of eye: 
width of face 17:30, posterior margin eye 
of contiguous with posterior margin of 

head of most of length. Ratio of MS:EH 13: 
36; lateral ocellus less than 1 diameter 

from eye (OD:OOD 12:5). Face below eyes 
rounded, not abruptly narrowing. Vertex 

under anterior ocellus lightly reticulate. 
Toruli separated by about 2-2.5x their 
own diameters. Malar suture absent. Area 

under eye lightly reticulate. Scape 5 as 
long as wide. Ratio of funicular segments 
16:15:16:16:20; width 6 at Fl to § at club. 

Mesosoma. Pronotum anterior to  trans- 
verse carina with scattered setae, finely ru- 
gosely reticulate, posterior to carina more 
openly retculate and shiny. Mesoscutum 
reticulate in anterior 1/2, becoming more 

smooth, and shiny posteriorly with slight 
reticulation. Midlobe with median carina 
fading only at extreme anterior margin, 

otherwise complete, not sunken posteri- 

orly, with no small setae antero-laterally, 
posterior setae even with surface. Dorsal 
axillar/scutellar margin with broad, 

slightly curved, deep furrow with flat bot- 
tom. Axillae shiny, openly reticulate, be- 
coming nearly smooth at posterior mar- 
gin. Scutellum finely reticulate to aluta- 
ceous, shiny, slightly pointed at anterior 
margin with axillae. Metanotum not bor- 

207 

dered anteriorly and medially by small al- 
veoli, medially flat and shiny and very 
lightly reticulate without median carina 
below. Propodeum laterad of median ca- 
rina nearly smooth (lightly reticulate) lat- 
erally to the step-like plica, median carina 
with anterior cup-like flange rounded and 
invaginated. Area around spiracle finely 
reticulate, lateral edge of spiracle raised 

above surface (Fig. 51), with antero-lateral 
flange large and well defined, with 7-8 se- 
tae laterad and below spiracle. Posterior 
margin of propodeum without irregular 
alveolae and carinae. Petiole in dorsal 
view slightly wider than long (14:13) and 

rugose dorsally, becoming smooth at pos- 
terior margin. Metasoma. Ovate, about 

1.5X as long as wide, with brown margin 

laterally interrupted by yellow about mid- 
point making the yellow area appear as an 
inverted ‘’T”’ shape, ventrally light yellow 
to white, becoming dark yellow posteri- 
orly. Legs. Ratio of hind tibial spur 1:spur 
2:tarsus 1:1T2:T3:T4. 35:28:20:17:11:19. Fore- 
wing. Hyaline, about 2.2 as long as 

wide. Costal cell with 1 and occasionally 
a partial second irregular row of setae 
ventrally. Venation yellow to white, ratio 
of postmarginal: stigmal (29:20). 

Male.—Unknown. 
Hosts.—Motya abseuzalis (Noctuidae). 

Distribution.—Known only from the 

type locality. 
Types.—Holotype female: Costa Rica, 

Guanacaste Prov., Area de Conservacion 

Guanacaste, Lambert N309250 E353000, 

2m., VII. 6, 1995, 95-SRNP-6049, D.H. Jan- 
zen & W. Hallwachs. ex. Motya abseuzalis 
(deposited in INBIO). Paratypes: 6 females 
with the same data as holotype (deposited 
in USNM and BMNH). 

Etymology.—This species is named in 

honor of Irene Carrillo Carillo in special 
recognition of her dedicated attention to 

the dining operations in Sector Santa Rosa 
of the Area de Conservacion Guanacaste. 

Euplectrus ivonae Schauff, new species 
(Figs. 16, 32;.52;.53) 

Diagnosis.—Face below and between to- 

ruli yellow, extending laterally to near eye 
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and ventrally around mouth and gena 
(Fig. 16); legs yellow; one pair of setae ss2 
between lateral ocelli; seta S5 absent; lon- 

gitudinal carina on mesoscutum nearly 

complete, midlobe without small setae; 

scutellum finely longitudinally striate re- 
ticulate; metanotum bordered anteriorly 
and medially by small alveoli, medially 
expanded into a triangular flange; propo- 
deum laterad of median carina nearly 
smooth (lightly reticulate) (Fig. 53); dorsal 

metasoma with large central yellow area 
extending from just behind petiole poste- 

riorly for about 2/3 length, interrupted 
posteriorly by a central dark spot and be- 
coming lighter brown again in posterior 
1/4, laterally dark brown. Male. Face with 
white area almost touching eye laterally; 
legs white; antenna with scape white, 
slightly swollen on ventral surface, with 
sensory area slightly darker and with sev- 

eral irregular rows of sensillae extending 
for about 3/4 length (Fig. 32). 

This species is similar to species like 
magdae, ronniet, and mariae, which lack S5 
and have the face yellow. In this species, 

the face is more extensively yellow with 
the coloration extending laterad of the to- 
ruli over to and below the eyes. It does 
not, however, extend up the margin of the 
eyes as in floryae. 

Description.—Female. Body length 2.25- 
2.5 mm. Color: body mostly black except 
the following: face below and between to- 

ruli yellow, extending laterally to near eye 
and ventrally around mouth and gena 
(Fig. 16); antenna with scape white to light 

yellow, flagellum yellow to light brown; 
mandibles yellow; legs yellow; dorsal me- 
tasoma with large central yellow area ex- 
tending from just behind petiole posteri- 
orly for about 2/3 length, interrupted pos- 

teriorly by a central dark spot and becom- 
ing lighter brown again in posterior 1/4, 

laterally dark brown; ventral metasoma 

yellow. Head. Dorsally with one pair of 
minor seta ss2 inserted near occipital ca- 
rina between posterior ocelli (as in Fig. 

70), seta S5 absent, setal row sr2 present 
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as 2-3 irregular rows of 12-18 setae reach- 
ing the bottom of the eye; occipital carina 
present medially; width of eye: width of 
face 12:38, posterior margin of eye sepa- 
rated from margin of head ventrally. Ratio 
of MS:EH 18:30; lateral ocellus more than 

1 diameter from eye (OD:OOD_ 13:10). 

Face below eyes rounded, not abruptly 
narrowing. Vertex under anterior ocellus 
reticulate. Toruli separated by about 2 

their own diameters. Malar suture absent. 

Area under eye irregularly reticulate to 

alutaceous. Scape 6 as long as wide. Ra- 
tio of funicular segments 13:13:14:14:18, 

width 7 at Fl to 8 at F4. Mesosoma. Pron- 

otum anterior to transverse carina with 

scattered setae, finely rugosely reticulate, 

posterior of carina more openly reticulate 
and shiny. Mesoscutum (Fig. 52) rugose 

reticulate in anterior 1/2, becoming more 

smooth and shiny posteriorly with slight 
reticulation. Midlobe with median carina 

fading only at extreme anterior margin, 

otherwise complete, slightly sunken pos- 

teriorly, with no small setae antero-later- 

ally, posterior setae raised above surface 
on small tubercle. Dorsal axillar/scutellar 
margin with broad, nearly straight deep 
furrow with narrow but flat bottom. Ax- 
illae shiny, openly reticulate, becoming 
smooth at posterior margin. Scutellum 

finely longitudinally striate reticulate, 
pointed anteriorly at axillar margin. Me- 
tanotum bordered anteriorly and medially 
by small alveoli, medially expanded into 

a triangular flange (Fig. 53) with median 

carina below. Propodeum laterad of me- 
dian carina nearly smooth (lightly reticu- 
late) laterally to the step-like plica, median 
carina with anterior cup-like flange round- 
ed and deeply invaginated. Area around 
spiracle finely reticulate, lateral edge of 
spiracle raised above surface, with antero- 
lateral flange large and well defined, with 

9-10 setae laterad and below spiracle. Pos- 
terior margin of propodeum without ir- 
regular alveolae and carinae. Petiole in 

dorsal view wider than long (17:10) and 
rugose dorsally becoming smooth at pos- 
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terior margin. Metasoma. Ovate, about 

1.5x as long as wide, with brown margin 

laterally interrupted by yellow about mid- 
point making the yellow area appear as an 
inverted “T’’shape. Legs. Ratio of hind tib- 
ial spur l:spur 2:tarsus 1:T2:T3:T4. 41:30: 

30:17:7:17. Forewing. Hyaline, about 2.2 

as long as wide. Costal cell with 2 irreg- 
ular rows of setae ventrally. Venation yel- 
low to white, ratio of postmarginal: stig- 
mal (27:18). 

Male.—Similar to female except: body 
length 1.9 mm. Face with white area al- 
most touching eye laterally; legs white; 
dorsal metasoma with large central white 
spot, dark brown posteriorly; antenna 

with scape white, slightly swollen on ven- 

tral surface, with sensory area slightly 

darker and with several irregular rows of 

sensillae extending for about 3/4 length 

(Fig, *32); funicle ratios: 13:13:14:13:18, 

width about 6 anteriorly to 7 posteriorly, 

with numerous semierect brown setae on 

each flagellomere. 
Hosts.—Euscirrhopterus poeyi (Noctui- 

dae). 

Distribution.—Known only from the 
type locality. 

Types.—Holotype female: Costa Rica, 
Guanacaste Prov., Area de Conservacion 

Guanacaste, Lambert N313800 E359800, 

300m., V. 21, 1994, 94-SRNP-1656, D.H. 

Janzen & W. Hallwachs. ex. Euscirrhopte- 
rus poeyl (deposited in INBIO). Paratypes: 
6 females and 1 male with same data as 

holotype (deposited in USNM). 

Etymology.—This species is named in 
honor of Ivon Trana Medrano in special 

recognition of her dedicated attention to 
the dining operations in Sector Santa Rosa 

of the Area de Conservaci6n Guanacaste. 

Euplectrus josei Schauff, new species 
(Figs. 35, 54-57) 

Diagnosis.—Face below and between to- 
ruli yellow; dorsally with two pairs of mi- 
nor seta ss2 between posterior ocelli (Fig. 
54); posterior margin of eye nearly contig- 
uous with posterior margin of head over 
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most of length. Male antenna with scape 
white, slightly swollen (Fig. 57), with nar- 

row, elongate sensory area containing 2 ir- 
regular rows of sensillae extending almost 
entire length (Fig. 35). 

This species is recognizable by two 
characters: 2 pairs of setae between the lat- 
eral ocelli (ss2) and the posterior margin 

of the eye contiguous with the posterior 
margin of the head. Euplectrus floryae also 

has two pairs of ss2 setae, but the yellow 

color on the face runs to and partially up 

the margin of the eyes whereas in josei it 
is restricted to between and below the to- 
ruli. 

Description.—Female. Body length 2.2- 
2.5 mm. Color: body mostly black except 
the following: face below and between to- 
ruli yellow; antenna with scape white to 
light yellow, flagellum yellow; mandibles 
yellow; legs light yellow to white; dorsal 
metasoma with large central yellow to 
white area extending from just behind pet- 
iole posteriorly about 1/2-2/3 length of 
dorsum, becoming darker brown posteri- 
orly, lateral margin brown anteriorly, then 
yellow medially and becoming dark 
brown posteriorly; ventral metasoma yel- 
low to white. Head. Dorsally with two 
pairs of minor seta ss2 between posterior 
ocelli, inserted adjacent to occipital carina 
(Fig. 54), all setae S1-6 present, setal row 

sr2 present as 1-2 irregular rows of 12-15 
setae reaching the bottom of the eye; oc- 
cipital carina weak medially; width of eye: 
width of face: 35:15, posterior margin eye 
of nearly contiguous with posterior mar- 
gin of head over most of length. Ratio of 
MS:EH 13:33; lateral ocellus less than 1 di- 
ameter from eye (OD:OOD 8:5). Face be- 
low eyes rounded, not abruptly narrow- 
ing. Vertex under anterior ocellus reticu- 
late to alutaceous. Toruli separated by 
about 2 their own diameters. Malar su- 
ture absent below eye. Area under eye 
lightly reticulate to alutaceous. Scape 4x 

as long as wide. Ratio of funicular seg- 
ments 13:13:13:12:19, width 7 at F1 to-8 at 

club, flagellar segments without small 
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whorls of brown setae basally. Mesosoma. 
Pronotum anterior to transverse carina 

with scattered setae, finely rugosely retic- 
ulate, posterior to carina more openly re- 

ticulate and shiny. Mesoscutum (Fig. 55) 

reticulate, becoming more smooth, and 
shiny posteriorly. Midlobe with median 
carina fading over anterior 1/4, otherwise 

complete, slightly sunken posteriorly, 
with no small setae antero-laterally, pos- 
terior setae even with surface. Dorsal ax- 
illar/scutellar margin with broad, nearly 
straight deep furrow with flat bottom. Ax- 
illae shiny, openly reticulate. Scutellum re- 

ticulate to alutaceous, smooth along pos- 

terior margin, slightly pointed at anterior 
margin with axillae. Metanotum bordered 
anteriorly by narrow band of small alve- 
oli, medially shiny and lightly reticulate 
with anterior edge slightly projected out- 
ward. Propodeum laterad of median cari- 
na shiny and smooth to very lightly retic- 
ulate to the step-like plica, median carina 

with anterior cup-like flange nearly trian- 
gular, slightly invaginated. Area around 
spiracle reticulate, openly reticulate later- 
ally, spiracle slightly raised above surface 

and slanted so that opening is at a slight 
angle to the surface (Fig. 56), with antero- 

lateral flange present and obvious, with 8— 
12 setae laterad and below spiracle. Pos- 
terior margin of propodeum with a deep 
alveolus at posterior margin adjacent to 
plica. Petiole in dorsal view slightly longer 
than wide (11:10), rugose dorsally with ir- 

regular longitudinal carina and smooth at 
posterior margin. Metasoma. Ovate, about 
1.5-2x as long as wide. Legs. Ratio of 
hind tibial spur 1:spur 2:tarsus 1:T2:T3:T4. 
34:25:23:16:10:15. Forewing. Hyaline, 

about 2.3 as long as wide. Costal cell 
with 2 irregular rows of setae ventrally. 
Venation yellow to white, ratio of post- 

marginal: stigmal (30:18). 
Male.—Similar to female except: Body 

length 2.25 mm. Antenna with scape 

white, (Figs. 35, 57) slightly swollen, with 
narrow, elongate sensory area containing 

2 irregular rows of sensillae extending al- 
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most entire length; funicle ratios 14:14:14: 

14:20 width 6-7, with scattered or whorled 

semierect brown setae on each flagellom- 
ere. 

Hosts.—Paectes lunodes (Noctuidae). 

Distribution.—Known only from the 

ACG. 

Types.—Holotype female: Costa Rica, 
Guanacaste Prov., Area de Conservacion 

Guanacaste, Lambert N314800 E360500, 

300m., VI. 8, 1993, 93-SRNP-3064, D.H. 

Janzen & W. Hallwachs. ex. Paectes lunodes 

(deposited in INBIO). Paratypes: 2 males 
with the same data as holotype; other 

specimens with some of the same infor- 
mation as holotype are except: 2 females 
with Lambert N313800 E359800, 300m., 

VII. 17. 1984, 84-SRNP-1504; 2 males and 

1 female with Lambert N313800 E359800, 

300m., VII. 18. 1984, 84-SRNP-1433; 2 fe- 

males with Lambert N314800 E360500, 

300m., VII. 6. 1993, 93-SRNP-2869; Imale 

and 1 female with Lambert N313800 

E359800, 300m., VII. 4. 1993, 93-SRNP- 

2871; 1 male with Lambert N314800 

E360500, 300m., VII.7.1993, 93-SRNP-3093; 

2 males and one female with Lambert 

N314400 E358900, 280m., VII.4.1995, 95- 

SRNP-6055 (deposited in USNM, BMNH, 

and CNC). 

Etymology.—This species is named in 
honor of José Eras Pineda in special rec- 
ognition of his dedicated management of 

the dining operations in Sector Santa Rosa 
of the Area de Conservacio6n Guanacaste. 

Euplectrus magdae Schauff, new species 
(Figs. 33, 58-60) 

Diagnosis.—Face below and between to- 
ruli yellowish brown (as in Figs. 13, 14); 

legs light yellow to white; one pair of 
small setae (ss2) between lateral ocelli (as 

in Fig. 54); all major setae S1-6 present; 

metanotum bordered anteriorly by a large 
nearly continuous invagination sometimes 

divided medially into two alveoli (Fig. 59); 

propodeum laterad of median carina retic- 
ulate, median carina with anterior cup-like 

flange nearly triangular and only slightly 
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invaginated; petiole wider than long. Male 

antenna with scape white, swollen on lat- 

eral surface (Fig. 60), with sensory area in- 

vaginated and with 3-4 irregular rows of 
sensillae extending nearly entire length 
(Fis. 33). 

This species is similar to E. anae which 

shares the yellow face, yellow legs, and 
presence of all 6 pairs of large facial setae. 
In E. anae the petiole is longer than wide 

while in E. magdae the petiole is slightly 
wider than long. The male scape of E. mag- 

dae is more swollen and sunken with a 

larger sensory area than in E. anae (Fig. 

34). 

Description.—Female. Body length 2.2— 
2.6 mm. Color: body mostly black except 
the following: face below and between to- 

ruli yellowish brown; antenna with scape 

white to light yellow, flagellum yellow to 

light brown; mandibles yellow to white; 

legs light yellow to white; dorsal metaso- 
ma with large central yellow area extend- 

ing from just behind petiole posteriorly for 
about 1/2 length, roughly hourglass 

shaped posteriorly dark brown to black, 

ventral metasoma yellow in anterior half, 

brown posteriorly. Head. Dorsally with 

one pair of minor seta ss2 between pos- 
terior ocelli (as in Fig. 70), inserted dis- 

tinctly above occipital carina, all setae S1— 
6 present, setal row sr2 present as 2-3 ir- 
regular rows of 20-25 setae reaching the 
bottom of the eye; occipital carina present 
medially; width of eye: width of face 14: 

40, posterior margin of eye separated from 
margin of head ventrally. Ratio of MS:EH 
16:30; lateral ocellus more than 1 diameter 

from eye (OD:OOD 14:10). Face below 

eyes rounded, not abruptly narrowing. 
Vertex under anterior ocellus smooth to 

lightly reticulate. Toruli separated by 
about 2X their own diameters. Malar su- 

ture absent. Area under eye smooth. Scape 
4X as long as wide. Ratio of funicular seg- 

ments 14:14:14:14:19, width 6 at F1 to 7 at 

club, each flagellar segment with 1-2 ir- 
regular whorls of brown setae basally. Me- 
sosoma. Pronotum anterior to transverse 
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carina with scattered setae, finely rugosely 

reticulate, posterior to carina more openly 
reticulate and shiny. Mesoscutum (Fig. 58) 
reticulate, becoming more smooth, and 

shiny posteriorly. Midlobe with median 
carina fading only at extreme anterior 
margin, otherwise complete, slightly 
sunken posteriorly, with no small setae 
antero-laterally, posterior setae even with 
surface. Dorsal axillar/scutellar margin 
with broad, curved deep furrow with flat 
bottom. Axillae shiny, openly reticulate. 
Scutellum finely reticulate to alutaceous, 
shiny, more nearly rounded anteriorly at 
margin with axillae. Metanotum bordered 
anteriorly by a large nearly continuous in- 
vagination sometimes divided medially 
into two alveoli, medially shiny and light- 
ly reticulate, without median carina be- 

low. Propodeum (Fig. 59) laterad of me- 

dian carina reticulate to the step-like plica, 
median carina with anterior cup-like 
flange nearly triangular and only slightly 
invaginated. Area around spiracle finely 
reticulate, lateral edge of spiracle raised 

above surface, with antero-lateral flange 
reduced, with 7-8 setae laterad and below 

spiracle. Posterior margin of propodeum 
without irregular alveolae and carinae. 
Petiole in dorsal view slightly wider than 
long (15:12) and rugose dorsally. Metaso- 
ma. Ovate, about 1.7-2 as long as wide. 
Legs. Ratio of hind tibial spur I:spur 2: 
tarsus 1:02: 03:14.°40:30:27:16:1 1218. Fore- 
wing. Hyaline, about 2.5x as long as 
wide. Costal cell with 2 irregular rows of 
setae ventrally. Venation yellow to white, 
ratio of postmarginal: stigmal (33:17). 

Male.—Similar to female except: body 
length 1.9 mm. Face with white area 
slightly broader; legs white with distal 
femora, tibiae, and tarsi sometimes yel- 
low; dorsal metasoma with large central 

white spot, dark brown posteriorly; anten- 

na with scape white, (Figs. 33, 60) swollen 
on ventral surface, with sensory area in- 

vaginated and with 3-4 irregular rows of 
sensillae extending nearly entire length; 
funicle ratios 13:13:14:13:18, width about 6 
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Figs. 56-63. Euplectrus scanning electron micrographs. 56-57, E. josei. 56, Propodeum. 57, Male scapes. 58-— 

60, E. magdae. 58, Dorsal mesosoma. 59, Propodeum. 60, Male scapes. 61-63, E. mariae. 61, Dorsal mesosoma. 

62, Male head and scape. 63, Closeup of male scape. 
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Figs. 64-71. Euplectrus scanning electron micrographs. 64-67, E. orias. 64, Dorsal mesosoma. 65, Propodeum. 

66, Head, dorsal view. 67, Head, lateral view. 68-69, E. rojasi. 68, Dorsal mesosoma. 69, Propodeum, lateral 

view. 70-71, E. ronniei. 70, Head and mesosoma. 71, Dorsal mesosoma. 
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anteriorly to 7 posteriorly, with whorled 
semierect brown setae on base of each fla- 

gellomere. 

Hosts.—Dasylophia maxtla, D. basitinc- 
ta, D. nr. goraxa (all Notodontidae). 

Distribution.—Known only from the 
ACG. 

Types.—Holotype female: Costa Rica 
Guanacaste Prov., Area de Conservacion 

Guanacaste, Lambert N318600 E375150, 

560m., IX.12.1995, 95-SRNP-9001, ex. Das- 
ylophia maxtla, D.H. Janzen & W. Hall- 

wachs (deposited in INBIO). Paratypes: 5 
males and 25 females with same data as 
holotype (deposited in USNM, BMNH, 

CNC). 
Other specimens examined.—All from the 

ACG, 4 specimens 94-SRNP-6167, ex. Chli- 

ara croesus; 4 specimens 96-SRNP-11096; 
1 specimen 93-SRNP-2905, ex. Dasylophia 

basitincta, 4 specimens 87-SRNP-1302, ex. 

Dasylophia not basitincta. 
Etymology.—This species is named in 

honor of Maria Magdalena Rodriguez 
Rodriguez in special recognition of her 
dedicated management of the main Ad- 
ministrative Office of the Area de Conser- 
vacion Guanacaste. 

Euplectrus mariae Schauff, new species 

(Figs. 30, 61-63) 

Diagnosis.—Face below and between to- 
ruli yellow, extending slightly laterad of 

toruli, but not reaching eye (as in Fig. 13); 

one pair of setae ss2 between posterior 
ocelli, seta S5 absent (see Fig. 23); mesos- 

cutal midlobe without small setae anteri- 

orly; propodeum (Fig. 61) lightly reticu- 

late, often with irregular carinae laterad of 
median carina and appearing somewhat 

rugose; petiole in dorsal view wider than 

long. Male antenna with scape white, 
slightly swollen, with brown, elongate 

narrowly ovate sensory area containing 2- 

3 irregular rows of sensillae extending 

about 2/3 length (Fig. 30). 

This species is very similar to E. ronnici 
which also has a yellow face and lacks seta 
S5. Euplectrus mariae can be distinguished 
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from ronniei by the petiole which is as 
wide as long in that species, but wider 
than long in magdae. The male scape of 
ronniet has the small brown sensory area 
much shorter (Fig. 31) and with only a sin- 
gle row of sensillae while in mariae the 
sensory area is long and with at least two 
irregular rows of sensillae (Figs. 30, 62, 
63). 

Description.—Female. Body length 2.1- 

2.3 mm. Color: body mostly black except 
the following: face below and between to- 
ruli yellow, extending slightly laterad of 
toruli but not reaching eye; antenna with 
scape white to light yellow, flagellum yel- 
low or light brown; mandibles yellow to 

white; legs light yellow to white; dorsal 

metasoma with large central yellow to 
white area extending from just behind pet- 

iole posteriorly about 2/3 to 3/4 length of 
dorsum, becoming slightly darker poste- 
riorly, lateral brown margin continuous 

over length, ventral metasoma yellow to 
white. Head. Dorsally with one pair of mi- 
nor seta ss2 between posterior ocelli, seta 

S5 absent, setal row sr2 present as 1-3 ir- 

regular rows of 20-25 setae reaching the 
bottom of the eye; occipital carina fading 
medially; width of eye: width of face 11: 

33, posterior margin eye of nearly contig- 
uous with posterior margin of head most 
of length; ratio of MS:EH 15:30; lateral 

ocellus more than 1 diameter from eye 
(OD:OOD 6:8). Face below eyes rounded, 

not abruptly narrowing. Vertex under an- 
terior ocellus reticulate. Toruli separated 
by about 2 their own diameters. Malar 
suture absent. Area under eye lightly re- 
ticulate. Scape 6% as long as wide. Ratio 
of funicular ‘segments 1231212719317, 

width 6 at Fl to 7 at club, flagellar seg- 
ments without small whorls of brown se- 
tae basally. Mesosoma. Pronotum anterior 
to transverse carina with scattered setae, 

finely rugosely reticulate, posterior to ca- 
rina more openly reticulate and shiny. Me- 
soscutum (Fig. 61) reticulate, becoming 
more smooth, and shiny posteriorly. Mid- 
lobe with median carina fading over an- 
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terior 1/4, otherwise complete, slightly 
sunken posteriorly, with no small setae 

antero-laterally, posterior setae even with 
surface or slightly raised. Dorsal axillar/ 
scutellar margin with broad, nearly 

straight deep furrow with narrow, but flat 

bottom. Axillae shiny, openly reticulate. 
Scutellum shiny and lightly reticulate to 
alutaceous, pointed at anterior margin. 

Metanotum bordered anteriorly by a nar- 

row band of small alveoli, medially shiny 

and lightly reticulate. Propodeum laterad 

of median carina shiny and openly retic- 
ulate to the step-like plica, median carina 

with anterior cup-like flange rounded and 

invaginated. Area around spiracle granu- 
late medially, openly reticulate laterally, 

spiracle slightly raised above surface par- 
allel to the surface of the propodeum, with 
antero-lateral flange large and obvious, 

with 8-9 setae laterad and below spiracle. 
Petiole in dorsal wider than long (20:15) 

and rugose dorsally with irregular longi- 

tudinal carina and smooth at posterior 

margin. Metasoma. Ovate, about 1.5-2 as 

long as wide. Legs. Ratio of hind tibial 

spur T:spur 2:tarsus’ 1:12:13;14, 32:29:18: 

14:8:20. Forewing. Hyaline, about 2.3X as 

long as wide. Costal cell with 2 irregular 
rows of setae ventrally. Venation yellow 

to white, ratio of postmarginal: stigmal 
(32:18). 

Male.—Similar to female except: Body 
length 1.7-1.9 mm. Face yellow to white, 

legs white to light yellow, metasoma with 

central white spot extending only about 
1/2 to 2/3 of length, dark brown posteri- 

orly, laterally dark brown to light brown. 

Antenna (Figs. 30, 62, 63) with scape 
white, slightly swollen, with brown, elon- 
gate narrowly ovate sensory area contain- 

ing 2-3 irregular rows of sensillae extend- 

ing about 2/3 length (Fig. 30); funicle ra- 
tios 11:10:11:11:16, width 6-7, without 

scattered or whorled semierect brown se- 

tae on each flagellomere. 
Hosts.—Concana Mundissima (Noctui- 

dae), Elymiotis attenuata (Notodontidae), 

Dasylophia nr. goraxa (Notodontidae). 
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Distribution.—Known only from Guan- 

acaste. 

Costa Rica, 

Prov., Area de Conservacion 

Lambert N309700 E352300, 

5m., V. 18, 1994, 94-SRNP-1063, D.H. Jan- 

zen & W. Hallwachs. ex. Concana mun- 

dissima (deposited in INBIO). Paratypes: 

2 females and 1 male all with the same 

data as holotype; other specimens with 
some of the same information are except: 

3 males and 1 female with Lambert 

N316100 E360300, 310m., VI. 13. 1993, 93- 

SRNP-1585; 1 male and 3 females with 

Lambert N318500 E359850, 240m., V. 24. 

1992, 92-SRNP-3032; 1 female with Lam- 

bert N309700 E352300, 5m., V. 19. 1994, 

94-SRNP-1083; 2 males with Lambert 

N309700 E352300, 5m., V.16.1994, 94- 

SRNP-1075; 1 female with Lambert 

N309700 E352300, 5m., V.16.1994, 94- 

SRNP-1071; 1 female with Lambert 

N316100 E360300, 310m., VI.15.1993, 93- 

Types.—Holotype female: 
Guanacaste 

Guanacaste, 

SRNP-1577; 2 males with Lambert 

N309700 E352300, 5m., V.19.1994, 94- 

SRNP-1217; 1 female with Lambert 

N316100 E360300, 300m., VI.14.1993, 93- 

SRNP-1583; 1 female with Lambert 

N309700 E352300, 5m., V.16.1994, 94- 

SRNP-1088; 1 male with Lambert N309700 

E352300, 5m., V.24.1994, 94-SRNP-1216; 1 

male and 1 female with Lambert N309700 

E352300, 5m., V.15.1994, 94-SRNP-1055; 1 

male and 1 female with Lambert N309700 

E352300, 5m., V.19.1994, 94-SRNP-1160; 1 

male with Lambert N309700 E352300, 5m., 

V.18.1994, 94-SRNP-1081; 1 male and 1 fe- 

male with Lambert N309700 E352300, 5m., 

V.14.1994, 94-SRNP-1102; 1 female with 

Lambert 318500 E359850, 240m., 

VIIL.22.1992, 92-SRNP-3141; 1 male with 

Lambert 318500 7359850, 240m., 

VII.19.1992, 92-SRNP-2923; 1 female with 

Lambert 1318500 2359850, 240m., 

VII.22.1992, 92-SRNP-31 id | male with 

Lambert N309700 E352300, 5m., V.18.1994, 

94-SRNP-1159; 1 female with Lambert 

N309700 E352300, 5m., V.16.1994, 94- 

SRNP-1090; 1 male, 2 females with Lam- 
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bert N318500 E359850, 240m., VII.19.1992, 

92-SRNP-2924: 1 female with Lambert 

N312150 E357200, 250m., VII.24.1992, 92- 

SRNP-3297; 1 male with Lambert N309700 

E352300, 5m., V.18.1994, 94-SRNP-1093; 1 

female with Lambert N318500 E359850, 

240m., VII.19.1992, 92-SRNP-2924; 1 male 

and 1 female with Lambert N314800 

E360500, 300m., VII.27.1993, 93-SRNP- 

3731; 1 male and 1 female with Lambert 

N314800 E360500, 300m., VII.23.1992, 92- 

SRNP-4426; 1 male with Lambert N314800 

E360500, 300m., VII.23.1994, 94-SRNP- 

5595; 1 female with Lambert N309450 

E355300, 10m., VI.5.1992, 93-SRNP-993; 2 

males and 1 female with Lambert N308900 

E355700, 10m., V.24.1996, 96-SRNP-1314; 1 

female with Lambert N316100 E360300, 

310m., VI.14.1993, 93-SRNP-1582; 1 male 

and 1 female with Lambert N314800 

E360500, 300m., VII.19.1994, 94-SRNP- 

5588; 1 male with Lambert N314800 

E360500, 300m., VII.31.1991, 91-SRNP- 

2245 (paratypes deposited in USNM, IN- 
BIO, BMNH, and CNC). 

Other specimens examined.—3 specimens 

92-SRNP-4431, ex. Elymiotis sp.; 2 speci- 
mens 91-SRNP-1091, ex. Concana mundis- 

sima. 

Etymology.—This species is named in 

honor of Maria De Los Angeles Guevara 
Rojas in special recognition of her dedi- 
cated attention to the dining operations in 
Sector Santa Rosa of the Area de Conser- 
vacion Guanacaste. 

Euplectrus orias Schauff, new species 
(Figs. 15, 37, 64-67) 

Diagnosis.—Female face below toruli 
dark brown (Fig. 15), legs with midcoxa 
brown and hind coxa brown to black, hind 
femur brown distally; antenna with scape 
yellow, flagellum yellow or light brown; 

mandibles yellow; with one pair of minor 
seta ss2 between posterior ocelli (Fig. 66), 

malar suture present below eye (Fig. 67); 
petiole as wide as long. 

This is one of a small group of species 
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with a dark face and dark hind coxae (za- 

morai, valverdei and rojasi). It can be differ- 
entiated from zamorat, rojasi, and valverdei 
by the presence of a single pair of ss2 setae 
between the lateral ocelli (setae absent in 

zamorai, rojast, and valverdet). In addition, 

in zamorai the antennal flagellum has the 

last two segments distinctly darker than 

the preceding segments (segments only 
gradually becoming darker in orias). In E. 
xiomarae, which also has a dark face and 

hind coxae, the malar suture is absent (this 

suture can be difficult to assess since it is 

often weakly expressed so caution is 
urged). 

Description.—Female. Body length 1.6— 
1.7 mm. Color: body mostly black except 
the following: face below and between to- 

ruli brown (Fig. 15); antenna with scape 
yellow, flagellum yellow or light brown; 

mandibles yellow; legs yellow-brown ex- 
cept midcoxa brown, hind coxa mostly 
dark brown to black, hind femur with dis- 

tal half brown; dorsal metasoma_ with 

large central yellow area extending from 

just behind petiole posteriorly about 1/2 
length of dorsum, becoming darker brown 

posteriorly, lateral margin brown, ventral 
metasoma yellow in anterior half, then 

dark brown. Head. Dorsally with one pair 

of minor seta ss2 between posterior ocelli, 

inserted adjacent to occipital carina (Fig. 
66), all setae S1-6 present, setal row sr2 

present as 1—2 irregular rows of 8-10 setae 
reaching the bottom of the eye; occipital 

carina weak medially; width of eye: width 

of face:12:39, posterior margin eye of not 

nearly contiguous with posterior margin 
of head over most of length; ratio of MS: 

EH 12:24; lateral ocellus more than 1 di- 

ameter from eye (OD:OOD 8:12). Face be- 
low eyes rounded, not abruptly narrow- 
ing. Vertex under anterior ocellus reticu- 
late. Toruli separated by about 2.5x their 
own diameters. Malar suture present be- 

low eye, fading ventrally. Area under eye 
lightly reticulate to alutaceous. Scape 4X 
as long as wide. Ratio of funicular seg- 

ments 8:7:7:8:12, width 5 at F1 to 6 at club, 
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flagellar segments with small whorls of 

brown setae basally. Mesosoma. Pronotum 
anterior to transverse carina with scattered 

setae, finely rugosely reticulate, posterior 

to carina more openly reticulate and shiny. 
Mesoscutum (Fig. 64) reticulate, becoming 

more smooth, and shiny posteriorly. Mid- 
lobe with median carina well developed, 

fading over anterior 1/4, otherwise com- 

plete, not noticeably sunken posteriorly, 
with no small setae antero-laterally, pos- 

terior setae even with surface. Dorsal ax- 

illar/scutellar margin with broad, nearly 

straight deep furrow with flat bottom. Ax- 
illae shiny, openly reticulate. Scutellum 
shiny, lightly reticulate to alutaceous, 

smooth along posterior margin, slightly 
pointed at anterior margin with axillae. 

Metanotum bordered anteriorly by a nar- 
row band of small alveoli, medially shiny 

and lightly reticulate (Fig. 65). Propodeum 
laterad of median carina shiny and 
smooth to the step-like plica, median ca- 
rina with anterior cup-like flange rounded 

and invaginated. Area around spiracle 

granulate medially, openly reticulate lat- 
erally, spiracle slightly raised above sur- 

face and slanted so that opening is at a 
slight angle to the surface, with antero-lat- 
eral flange present, but somewhat re- 
duced, with 6-8 setae laterad and below 

spiracle. Petiole in dorsal as wide as long 

(12:12), rugose dorsally with irregular lon- 
gitudinal carina and smooth at posterior 

margin. Metasoma. Ovate, about 1.1-1.5x 

as long as wide. Legs. Ratio of hind tibial 
sour lispur 2tarsus. 1212: 13.14..32:22;:20: 

13:8:12. Forewing. Hyaline, about 2.3X as 

long as wide. Costal cell with 2 irregular 

rows of setae ventrally. Venation yellow 
to white, ratio of postmarginal: stigmal 
(16:12). 

Male.—Similar to female except: body 
length 1.6mm; antenna with scape white, 

slightly swollen, with narrow, elongate 

sensory area containing 2 irregular rows 

of sensillae extending about 3/4 length 

(Fig. 37); funicle ratios 7:7:7:7:11 width 5— 
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6, with scattered or whorled semi-erect 

brown setae on each flagellomere. 

Hosts.—Unknown Geometridae. 

Distribution.—Widely distributed in 

Costa Rica. 

Types.—Holotype female: Costa Rica, 

Guanacaste Prov., Area de Conservaci6n 

Guanacaste, Lambert N314800 E360500, 

300m., VI. 24, 1993, 93-SRNP-2241, D.H. 

Janzen & W. Hallwachs. ex. Geometridae 

(deposited in INBIO). Paratypes: 7 females 

and 1 male with the same data as holo- 

type; 1 female Costa Rica: Alajuela, 5km 
W. San Ramon, 1200m, IV. 1997, O. Castro 

& P. Hanson; 2 females Costa Rica: Pun- 

tarenas, San Vito, Estac. Biol. Las Alturas, 

1500m, IV. 1992, Hanson & Godoy; 1 fe- 

male Costa Rica: Cartago, 4km NE Canon, 

Genesis II, 2300m, VIII. 1995, P. Hanson; 1 

female Costa Rica: San José, Zurqui de 
Moravia, 1600m, X-XII. 1990, col. P. Han- 

son; 1 female Costa Rica: San José, Cerro 

de la Muerte, 19km S,3W Empalme, 

2600m, IX. 1992, Hanson & Godoy; 1 fe- 

male Costa Rica: Puntarenas, 23km N. 

Puerto Jiménez, LaPalma, 10m, XI-XII. 

1992, col. P. Hanson (deposited in USNM 

with 1 female each to CNC and BMNH). 

Etymology.—This species is named in 

honor of Julio Diaz Orias in special rec- 
ognition of his many years of steadfast 
and energetic management of the fire pre- 
vention and control program of the Area 
de Conservacion Guanacaste. 

Euplectrus rojasi Schauff, new species 
(Figs. 68, 69) 

Diagnosis.—Face below toruli dark yel- 
low, brown under and between toruli; 

mandibles yellow; hind coxa mostly black; 
posterior margin of scutellum overlapping 
anterior metanotum (Figs. 68, 69); anterior 

extension of median propodeal carina flat- 
tened, not cup-like; petiole 1.5X as long as 

wide. 

The flattened anterior cup-like flange of 

the median propodeal carina in this spe- 
cies is quite distinctive with anterior end 

of median carina usually expanded into a 
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rounded or triangular and invaginated 
‘“cup.’’ In addition, this is the only speci- 

men | have examined where the face un- 

der the toruli is brown medially between 
the toruli and becomes yellow laterally 
under the toruli. Of the species treated 
here, the anterior edge of the metanotum 
being covered by the posterior margin of 
the scutellum is also unusual. However, in 

E. carlowae, the lateral margins of the scu- 
tellum project over the lateral edges of the 
metanotum and the senior author has seen 
other specimens of apparently undescri- 
bed species which also have the scutellum 
overhanging the metanotum. 

Description.—Female. Body length 2.2 
mm. Color: body mostly black except the 
following: antenna with scape yellow to 
brown, pedicle becoming dark brown api- 
cally, flagellum light brown becoming 
darker brown apically; mandibles yellow; 
enlarged setae on vertex yellowish brown; 
legs yellow except hind coxa mostly black; 
dorsal metasoma mostly dark brown to 
black with small yellow spot antero-me- 
dially, ventral metasoma dark brown be- 

hind petiole, then yellow to about mid- 
point, then dark brown. Head. Dorsally 
with 5 minor seta ss2 between posterior 

ocelli, all seta S1-6 present, setal row sr2 

present as 2 irregular rows of 15-20 setae 
reaching to bottom of eye; occipital carina 
weak medially; width of eye: width of face 
(35:13), posterior margin eye of not nearly 

contiguous with posterior margin of head 
over most of length. Ratio of MS:EH 16:30; 
lateral ocellus more than | diameter from 
eye (OD:OOD 5:8). Face below eyes round- 
ed, not abruptly narrowing. Vertex under 

anterior ocellus reticulate to alutaceous. 
Toruli separated by about 2 their own 
diameters. Malar suture absent. Area un- 
der eye lightly reticulate. Scape 6 as long 
as wide. Ratio of funicular segments 10:11: 
11:11:18, width 5 at F1 to 6 at club, flagel- 

lar segments with small whorls of brown 
setae basally. Mesosoma. Pronotum anteri- 
or to transverse carina with scattered se- 
tae, finely rugosely reticulate, posterior to 
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carina reticulate and shiny. Mesoscutum 

(Fig. 68) reticulate, becoming more 

smooth, and shiny posteriorly. Midlobe 

with median carina fading in anterior half, 

not noticeably sunken posteriorly, with no 
small setae antero-laterally, posterior setae 
even with surface. Dorsal axillar/scutellar 

margin with narrowed, nearly straight 

deep furrow without flat bottom except 
medially. Axillae openly reticulate. Scutel- 
lum reticulate to alutaceous, smooth along 
posterior margin, posterior margin ex- 

tended over anterior margin of metano- 

tum, anterior margin pointed. Metanotum 

anteriorly covered by scutellum, medially 
shiny and smooth to lightly reticulate (Fig. 
69). Propodeum laterad of median carina 
shiny and smooth to the step-like plica 

with occasional slight hints of reticulation, 
median carina with anterior cup-like 
flange flattened, not expanded and cup- 
like. Area around spiracle reticulate, spi- 
racle slightly raised above surface and tilt- 

ed toward median carina, with antero-lat- 

eral flange present, with 11 setae laterad 

and below spiracle. Petiole in dorsal view 

1.5x as long as wide (15:10), rugose dor- 

sally. Metasoma. Ovate, about 1.5 as long 

as wide. Legs. Ratio of hind tibial spur 1: 
spur 2:tarsus 1:T2:T3:T4. 40:27:30:16:10:16. 

Forewing. Hyaline, about 2.3 as long as 

wide. Costal cell with 1-2 irregular rows 

of setae ventrally. Venation yellow light 
brown, ratio of postmarginal: stigmal (41: 

23) 4 

Male.—Unknown. 

Hosts.—Unknown. 

Distribution.—Known only from the 
type locality. 

Types.—Holotype female on point (an- 
tenna and wing slide-mounted) with data 

“Costa Rica, Cartago, 4 Km. NE., Canon 
Genesis H, 2350M. VI. 1995. P. Hanson.” 

(deposited in USNM). 
Notes.—The presence of 5 setae ss2 is 

probably an anomaly. Other specimens 

rarely show 1 seta or 3 setae when the 

usual number is 0, 2, or 4. In this case, the 
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usual number for this species is probably 
4 setae in this location. 

Etymology.—This species is named in 
honor of Maria Zulay Guevara Rojas in 
special recognition of her dedicated atten- 

tion to the Research Center and the dor- 

mitories in Sector Santa Rosa of the Area 

de Conservacion Guanacaste. 

Euplectrus ronniei Schauff, new species 
(ries: 31, 70, 71,.72, 73) 

Diagnosis.—Face below and slightly lat- 

erad of toruli yellow; with one pair of se- 

tae ss2 between posterior ocelli (Fig. 70), 
seta S5 absent (see Fig. 23), scutellum 

shiny and lightly reticulate, petiole as 

wide as long. Male scape with small re- 
stricted brown spot on ventral surface, 
single short row of sensillae (Fig. 31). 

This species is similar to E. mariae which 

has a similar overall appearance lacking 
the S5 setae and with a yellow face, but 
tends to be somewhat larger (generally 

over 2 mm) and the propodeum laterad of 

the median carina is nearly smooth where- 
as it is more irregularly rugose in mariae. 

Euplectrus ronniei is most easily diagnosed 
by the scape (Figs. 31, 73) of the males 
which have a small restricted brown patch 

on the antero-ventral surface with only a 

single small row of sensillae. 

Description.—Female. Body length 1.6-2 
mm. Color: body mostly black except the 

following: face below and between toruli 
yellow, extending laterally below toruli, 

but not reaching eye; antenna with scape 
whitish, flagellum yellow; mandibles yel- 
low; legs yellow to white; dorsal metaso- 

ma with large central yellow area extend- 

ing from just behind petiole posteriorly 
about 1/2 length of dorsum, becoming 

darker brown posteriorly, lateral margin 

brown, ventral metasoma yellow to white 

in anterior half, then becoming dark yel- 

low. Head. Dorsally with one pair of minor 
seta ss2 between posterior ocelli (Fig. 70), 
seta S5 absent, setal row sr2 present as 1— 

2 irregular rows of 13-15 setae reaching 
the bottom of the eye; occipital carina 
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weak medially; width of eye: width of 
face:12:35, posterior margin eye of not 

nearly contiguous with posterior margin 

of head over most of length; ratio of MS: 

EH 14:25; lateral ocellus more than 1 di- 

ameter from eye (OD:OOD 6:7). Face be- 

low eyes rounded, not abruptly narrow- 

ing. Vertex under anterior ocellus reticu- 

late. Toruli separated by about 2 their 
own diameters. Malar suture absent below 

eye. Area under eye lightly reticulate to 
alutaceous. Scape 5 as long as wide. Ra- 
tio of funicular segments 9:9:9:9:14, width 

5 at Fl to 6 at club, flagellar segments with 
small whorls of brown setae basally. Me- 
sosoma. Pronotum anterior to transverse 

carina with scattered setae, finely rugosely 
reticulate, posterior to carina more openly 
reticulate and shiny. Mesoscutum (Fig. 71) 

reticulate, becoming more smooth, and 

shiny posteriorly. Midlobe with median 

carina well developed, fading over ante- 

rior 1/3 to 1/4, otherwise complete, not 

noticeably sunken posteriorly, with no 

small setae antero-laterally, posterior setae 
even with surface. Dorsal axillar/scutellar 

margin with broad, nearly straight deep 

furrow with narrow, but flat bottom. Ax- 

illae shiny, openly reticulate. Scutellum 

shiny, lightly reticulate to alutaceous, 

smooth along posterior margin, pointed at 

axillar/scutellar margin. Metanotum bor- 

dered anteriorly by narrow band of small 

alveoli, medially shiny and lightly reticu- 

late. Propodeum (Fig. 72) laterad of me- 

dian carina shiny and lightly reticulate to 

the step-like plica, median carina with an- 
terior cup-like flange rounded and invag- 
inated. Area around spiracle dull, openly 
reticulate laterally, spiracle slightly raised 

above surface and slanted so that opening 

is at a slight angle to the surface, with an- 

tero-lateral flange present, but somewhat 

reduced, with 9-12 setae laterad and be- 

low spiracle. Petiole in dorsal view as 

wide as long (11:11), rugose dorsally with 
irregular longitudinal carina and almost 
smooth at posterior margin. Metasoma. 

Ovate, about 1.4-1.5* as long as wide. 



220 

Legs. | » of hind tibial spur 1:spur 2: 
tarsus 1:12:13: 14. 28:16;2012:8:13. 1) Fore- 
wing. Hyaline, about 2.3 as long as 
wide. Costal cell with 2 irregular rows of 
setae ventrally. Venation yellow to white, 

ratio of postmarginal: stigmal (22:16). 
Male.—Similar to female except: body 

length 1.6 mm. Face white to yellow; an- 

tennal scape with small brown spot at api- 
cal ventral margin (Fig. 31) very slightly 
swollen, with narrow sensory area con- 

taining only 1 irregular row of sensillae 
extending about 1/4 length; funicle ratios 
9:10:10:10:17 width 5 near base, 6 at club, 

with few scattered or whorled semierect 

brown setae on each flagellomere; meta- 
soma white in dorsal 1/2 then dark 

brown, ventrally yellow becoming dark 

brown posteriorly. 

Hosts.—Ovxidercia toxea (Noctuidae), 

Cautethia spuria (Sphingidae). 
Distribution.—Known only from the 

ACG. 

Types.—Female holotype: Costa Rica 
Guanacaste Prov., Area de Conservacion 

Guanacaste, Lambert N314800 E360500, 

300m., VII.26.1992, 92-SRNP-3415, ex. Cau- 

tethia spuria, D.H. Janzen & W. Hallwachs 

(deposited in INBIO). Paratypes: 3 males 
same as holotype except with Lambert 
N313400 E358900, 280m., VII. 28.1995, 95- 

SRNP-8256, ex. Oxidercia toxea; 1 female 

with Lambert N314800 E360500, 300m., 

VII. 26.1992, 92-SRNP-3415, ex. Cautethia 

spuria (deposited in USNM) 
Etymology.—This species is named in 

honor of Ronald Hernandez D’Avanzo in 

recognition of his dedicated management 

of the Human Resources office of the Area 

de Conservacion Guanacaste. 

Euplectrus solitarius Ashmead 

Euplectrus solitarius Ashmead 1904:517. 

Diagnosis.—Face under toruli honey yel- 
low, lighter area restricted to just under 
toruli; all major seta 1-6 present (see Fig. 

23); one pair of small setae (ss2) between 

posterior ocelli (as in Fig. 70); first funicle 
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2x as long as wide; legs yellow; scutellum 

reticulate; petiole longer than wide; me- 
tasoma ovate with small yellow spot an- 
terio-medially becoming brown then dark 

brown laterally and posteriorly. 
This species is very similar to E. comsto- 

ckii but can be differentiated by the petiole 

which is slightly wider than long (longer 
than wide in solitarius). In addition, the 

first funicle in solitarius is 3X as long as 
wide while in comstockii Fl is 2* as long 

as wide. 

I have seen very few specimens of this 

species and it is defined here mostly on 

the basis of the holotype which is missing 

most of its antennae. I have seen no males 

that I can definitively attribute to this spe- 

cles. 

Distribution.—Mexico south to Brazil 

and Ecuador 

Hosts.—Unknown. 

Types.—Holotype female deposited in 

USNM, type no. 60573. Erroneously la- 
belled as a male, this type is missing most 

of the antennae. 

Euplectrus valverdei Schauff, new 
species 

(Pies. 77 20521). 38,.74,-79; 10) 

Diagnosis.—Face below toruli dark 
brown or black (as in Fig. 15); mandibles 
brown; hind femur and hind coxa darker 

than other legs (honey yellow to brown); 
minor seta ss2 absent between posterior 

ocelli (as in Fig. 82); anterior metanotum 
with narrow line of alveoli; malar suture 

visible at least near eye; propodeum lat- 
erad of median carina smooth. Male scape 
yellow and greatly swollen (Figs. 17, 38), 

surface covered with large sensillae (Figs. 
20,21 275) 76). 

In contrast to some of the other species 
with dark faces and hind coxae, the man- 
dibles of this species are also brown (man- 
dibles yellow in xiomarae and orias). The 
mandibles of zamorai are also brown, but 
that species has the antenna with the last 
two antennal flagellomeres dark contrast- 
ing sharply with the lighter preceding seg- 
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5 
Figs. 72-79. Euplectrus scanning electron micrographs. 72-73, E. ronnei. 72, Propodeum. 73, Head, lateral 

view, male. 74-76, E. valverdei. 74, Dorsal mesosoma. 75, Male antennae and head. 76, Male scape. 77-79, E. 

walteri. 77, Dorsal mesosoma. 78. Propodeum. 79, Head. 
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Figs. 80-87. Euplectrus scanning electron micrographs. 80-84, E. walteri. 80, Head lateral view. 81, Head, 

ventro-lateral view. 82, Head, postero-dorsal view. 83, Head, frontal view. 84. Dorsal mesosoma. 85-87, E. 

viomarae. 85, Head, postero-dorsal view. 86, Dorsal mesosoma. 87, Thorax and propodeum. 
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ments. In addition, E. valverdei has the ma- 
lar suture at least partially complete while 
in zamorai and xiomarae it is absent. Males 
of this species are very distinctive with 
greatly enlarged yellow scapes (Fig. 17) 
covered on all surfaces with distinctly 
granular sensillae (when viewed on slide) 

(Riess 20) 21). 
Description.—Female. Body length 1.7— 

2.1 mm. Color: body mostly black except 
the following: antenna with scape white to 
yellow, flagellum yellow to light brown; 

mandibles brown; enlarged setae on ver- 
tex silver; legs white to yellow except hind 
coxa and distal half of hind femur honey 
yellow to brown; dorsal metasoma with 
large central inverted T-shaped yellow 
area extending from just behind petiole 
posteriorly about 1/2 length of dorsum, 
becoming darker brown posteriorly, lat- 
eral margin brown except medially, ven- 
tral metasoma yellow or white in anterior 
half, then dark brown. Head. Dorsally with 

minor seta ss2 absent between posterior 
ocelli, all setae S1-6 present, setal row sr2 

present as 2-3 irregular rows of 15-20 se- 
tae reaching to bottom of eye; occipital ca- 
rina weak to absent; width of eye: width 
of face (40:13), posterior margin eye of not 

nearly contiguous with posterior margin 
of head over most of length. Ratio of MS: 
EH 18:28; lateral ocellus more than 1 di- 
ameter from eye (OD:OOD 6:8). Face be- 
low eyes abruptly narrowing. Vertex un- 
der anterior ocellus reticulate to aluta- 
ceous. Toruli separated by about 2.5 
their own diameters. Malar suture pre- 
sent, but irregular, marked in some spec- 
imens by change in sculpture. Area under 
eye lightly reticulate to alutaceous. Scape 
5x as long as wide. Ratio of funicular seg- 
ments 11:11:11:11:18, width 5 at F1 to 6 at 
club, flagellar segments with small whorls 
of brown setae basally. Mesosoma. Prono- 
tum anterior to transverse carina with 

scattered setae, finely rugosely reticulate, 
posterior to carina reticulate and shiny. 
Mesoscutum reticulate, becoming more 

smooth, and shiny posteriorly. Midlobe 
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(Fig. 74) with median carina nearly com- 

plete, fading at extreme anterior margin, 

not noticeably sunken posteriorly, with no 
small setae antero-laterally, posterior setae 

even with surface. Dorsal axillar/scutellar 
margin with broad, nearly straight deep 

furrow without flat bottom. Axillae nearly 
smooth, shiny, with faint open reticula- 
tion, pointed at anterior margin with ax- 

illae. Scutellum shiny, very lightly aluta- 
ceous, smooth along posterior margin. 
Metanotum anteriorly with narrow but 
distinct band of small alveoli, medially 
shiny and smooth. Propodeum laterad of 

median carina shiny and smooth to the 
step-like plica with occasional faint hints 
of reticulation, median carina with ante- 
rior cup-like flange rounded and invagi- 
nated. Area around spiracle reticulate, spi- 

racle slightly raised above surface and 
parallel to the surface, with antero-lateral 

flange present, with 12-15 setae laterad 
and below spiracle. Posterior margin of 
propodeum with deep alveolus at poste- 
rior margin. Petiole in dorsal view slightly 
longer than wide (15:12), rugose dorsally. 

Metasoma. Ovate, about 1.3-1.6* as long 

as wide. Legs. Ratio of hind tibial spur 1: 
spur 2:tarsus 1:712:13:14. 38:29:26;15:10:14. 
Forewing. Infuscate light brown, about 
2.3X as long as wide. Costal cell with 1 
irregular row of setae ventrally. Venation 
yellow light brown, ratio of postmarginal: 

stigmal (22:16). 

Male.—Similar to female except: scape 
yellow and greatly swollen (Figs. 17, 38, 
75, 76) and surface covered with large 
granulate appearing sensillae (Figs. 20, 

21); face very narrow below toruli; legs 

generally white except hind leg yellow; 12: 
13:14:14:20, width 4-6 with no noticeable 

brown setae. 
Hosts.—Unknown 

Distribution.—Known only from the 
type locality. 

Types.—Holotype female: Costa Rica, 

San José, Ciudad Colén, 800m, II. 1990, 

Col. Luis Fournier (deposited in INBIO). 
Paratypes: 4 females with same data as the 
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holotype; 2 males and 1 female with same 

data as holotype except III-IV. 1990 (de- 
posited in USNM and BMNH). 

Etymology.—This species is named in 

honor of Julio A. Quirés Valverde in rec- 

ognition of his many years of service and 

diligent management of police and protec- 
tion services for the Area de Conservacion 

Guanacaste. 

Euplectrus walteri Schauff, new species 
(Figs. 13, 29, 77-84, 89) 

Diagnosis.—First funicular segment 
nearly equal in length to club (similar to 
Fig. 25), face below toruli yellow, with 1 

pair of setae ss2 (as in Fig. 70) between 
posterior ocelli, toruli separated by about 
4x their own diameter; posterior margin 

of eye nearly contiguous with posterior 
margin of head over most of length (as in 
Fig. 80, 82); scutellum heavily sculptured 

(Fig. 84); postmarginal vein almost 2% 

stigmal (see Fig. 18). Male Fl subequal to 

club, club swollen with broad, ovate sen- 

sory area containing several irregular 
rows of sensillae extending about 3/4 
length (Fig. 30, 81). 

The widely separated toruli and long 
first funicular segment (almost as long as 
the club) make this species easily recog- 
nizable among those with a yellow face. 
In addition, the scutellum is much more 

heavily sculptured than most of the other 

species. The antenna of E. hansoni is some- 
what similar with Fl almost the same 

length as the club, but in that species all 
the funicles are elongated and about 3x 
as long as wide. In addition, the eyes of 
walteri are large and the hind margin is 
contiguous with the back of the head over 
most of its length. 

Description.—Female. Body length 2.9- 
3.2 mm. Color: body mostly black except 
the following: face below and between to- 

ruli yellow (Fig. 13); antenna with scape 

white to light yellow, flagellum yellow or 
light brown; mandibles yellow to white; 

legs light yellow to white; dorsal metaso- 

ma with large central yellow to white area 
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extending from just behind petiole poste- 
riorly about 1/2 length of dorsum, becom- 
ing darker brown posteriorly, lateral 

brown margin broken medially, ventral 

metasoma yellow to white. Head. Dorsally 
with one pair of minor seta ss2 between 
posterior ocelli (Fig. 82), inserted adjacent 

to occipital carina, setae S1—-6 present, setal 

row sr2 present as 1-3 irregular rows of 
15-20 setae reaching the bottom of the eye; 
occipital carina complete; width of eye: 
width of face:18:48, posterior margin eye 

of nearly contiguous with posterior mar- 
gin of head of most of length; ratio of MS: 
EH 17:31; lateral ocellus more than 1 di- 

ameter from eye (OD:OOD 8:10). Face be- 

low eyes abruptly narrowing. Vertex be- 

low anterior ocellus alutaceous. Toruli 

separated by about 4 their own diame- 

ters (Fig. 13). Malar suture absent. Area 
under eye lightly reticulate. Scape 6x as 
long as wide. Ratio of funicular segments 

1991771715220, width: 3 at. Fl to. 9 at clab: 

flagellar segments without small whorls of 
brown setae basally. Mesosoma. Pronotum 

anterior to transverse carina with scat- 

tered setae, finely rugosely reticulate, pos- 
terior to carina more openly reticulate and 
shiny. Mesoscutum reticulate (Fig. 84), 
nearly rugose anteriorly, becoming more 
smooth, and shiny posteriorly. Midlobe 

with median carina well developed, fad- 

ing over anterior 1/4, otherwise complete, 

slightly sunken posteriorly, small setae an- 
tero-laterally usually absent, rarely with 2, 

posterior setae even with surface or slight- 
ly raised. Dorsal axillar/scutellar margin 
with broad, curved deep furrow with flat 

bottom. Axillae shiny, openly reticulate. 

Scutellum heavily reticulate to alutaceous, 

smooth along posterior margin, anteriorly 

distinctly pointed at axillar/scutellar mar- 
gin. Metanotum bordered anteriorly by 
narrow band of small alveoli, medially 
shiny and lightly reticulate. Propodeum 
(Fig. 78) laterad of median carina shiny 

and openly reticulate to the step-like plica, 
median carina with anterior cup-like 
flange rounded and invaginated. Area 
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around spiracle granulate medially, open- 
ly reticulate laterally, spiracle slightly 
raised above surface and slanted so that 

opening is almost perpendicular to sur- 
face, with antero-lateral flange large and 
obvious, with 8-12 setae laterad and be- 

low spiracle. Posterior margin of propo- 
deum without deep alveolus at posterior 
margin. Petiole in dorsal view as wide as 

long or very slightly longer than wide (11: 

12), rugose dorsally with irregular longi- 
tudinal carina and smooth at posterior 

margin. Metasoma. Ovate, about 1.1-1.5x 

as long as wide. Legs. Ratio of hind tibial 
spur l:spur 2:tarsus 1:12°13:14. 55:37:35: 

20:11:21. Forewing. Hyaline, about 2.3X as 

long as wide. Costal cell with 2 irregular 

rows of setae ventrally. Venation yellow 

to white, ratio of postmarginal: stigmal 

(42222). 

Male.—Similar to female except: body 

length 1.7-1.9 mm. Face yellow to white, 

legs white to light yellow, metasoma with 

central white spot only extending about 

1/2 length, dark brown posteriorly, later- 

ally dark brown to light brown, ventrally 
posterior half dark brown; antenna with 
scape white, swollen medially (Figs. 80, 

81), with broad, ovate sensory area con- 

taining several irregular rows of sensillae 

extending about 3/4 length (Figs. 13, 29); 

funicle ratios 17:16:15:13:18, width 5-6, 

with scattered or whorled semierect 

brown setae on each flagellomere. 

Hosts.—Manduca barnesi, M. dilucida, M. 

florestan, M. lanuginosa, M. rustica, Perigon- 
ia ilus (all Sphingidae). 

Notes.—Some setal variation on the me- 

soscutum has been observed in specimens 

of this species. While this character is gen- 
erally very stable and no small setae are 

present, there are occasionally setae pre- 
sent antero-laterally near the anterior en- 

larged setae on the midlobe. 

Types.—Holotype female: Costa Rica, 
Guanacaste Prov., Area de Conservacion 

Guanacaste, Lambert N312450 E359500, 

270m., VIII. 13, 1995, 95-SRNP-7544, D.H. 

Janzen & W. Hallwachs. ex. Manduca flo- 
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restan (deposited in INBIO). Paratypes: 2 

females all with the same data as holo- 

type; other specimens with some of the 

same information are except: 3 males and 

1 female with Lambert N313100 E359900, 

250m., VII. 30. 1992, 92-SRNP-3174; 3 

males with Lambert N313100 E359900, 

250m., VII. 30. 1992, 92-SRNP-4114; 2 

males and 2 females with Lambert 

N313800 E359800, 300m., VI. 30. 1984, 84- 

SRNP-653, ex. Manduca dilucida; 1 male 

with Lambert N313800 E359800,300m., VI. 

23. 1993, 93-SRNP-2239 ; 1 female with 

Lambert N314800 E360500, 300m., 

VI1I.1.1984, 84-SRNP-805, ex. Manduca dil- 

ucida; 1 male and 2 females with Lambert 

N313100 E359900, 250m., VII.27.1992, 92- 

SRNP-3018, ex. Manduca rustica; 1 female 

with Lambert N315500 E360200, 300m., 

VIII.2.1992, 92-SRNP-3811; 2 females with 

Lambert N313100 E359900, 500m., 

VIII.1.1992, 92-SRNP-3708; 1 male with 

Lambert N317800 E362600, 300m., 

V1.28.1984, 84-SRNP-623, ex. Manduca dil- 

ucida; 1 female with Lambert N314800 

E360500, 300m., VIII.16.1981, 81-SRNP- 

1141, ex. Perigonia ilus; 2 males and one 

female with Lambert N312450 E359300, 

270m., VI.27.1996, 96-SRNP-6830; 1 female 

with Lambert N315500 E360200, 300m., 

VII.2.1992, 92-SRNP-2262, ex. Manduca 

lanuginosa; 2 females and 1 male with 

Lambert N313400 E358900, 280m., 

X.3.1996, 96-SRNP-10435; 1 female with 

Lambert N313800 359800, 300m., 

X1I.11.1990, 90-SRNP-2507, ex. Manduca 

rustica; 1 females and | male with Lambert 

N313400 E358900, 280m., VII.28.1991, 91- 
SRNP-1636; 2 females with Lambert 

N313400 E358900, 280m., VI.18.1994, 94- 
SRNP-4497, ex. Manduca barnesi (paraty- 

pes deposited in USNM, BMNH, and 

CNC). 
Etymology.—This species is named in 

honor of Walter Bonilla Vasquez in special 
recognition of his dedicated management 

of the Accounting Office for the Area de 
Conservacion Guanacaste. 



226 JOURNAL OF HYMENOPTERA RESEARCH 

Figs. 88-89. 

and tarsi. 

Euplectrus xiomarae Schauff, new 

species 
(rigs: 3,911) 19,36,,69-87) 

Diagnosis.—Face below toruli dark 
brown (as in Fig. 13); mandibles yellow; 

hind coxa dark brown (Fig. 11) and hind 

femur with distal half brown; ss2 setae ab- 

sent between posterior ocelli (Fig. 85); ma- 

lar suture absent below eye. Male antenna 
with scape white, slightly swollen (Fig. 36, 

88), with narrow, elongate sensory area 
containing 2 irregular rows of sensillae ex- 
tending about 1/3 length. 

This is one of the small group of species 
with a dark face and dark hind coxae. It 
is most similar to E. jamiei which, like 
xiomarae, lacks small setae between the 
posterior ocelli. Euplectrus xiomarae can be 
separated by the presence of yellow man- 
dibles (mandibles brown in jamiei) and 

lack of a malar suture (malar suture pre- 

sent in jamiet). 
Description.—Female. Body length 1.8- 

2.2 mm. Color: body mostly black except 
the following: face below and between to- 
ruli brown; antenna with scape yellow, 
flagellum yellow or light brown; mandi- 
bles yellow; legs yellow-brown except 
hind coxa mostly dark brown, hind femur 
with distal half brown; dorsal metasoma 

with large central yellow area extending 
from just behind petiole posteriorly about 
1/2 length of dorsum, becoming darker 

brown posteriorly, lateral margin brown, 

Euplectrus scanning electron micrographs. 88, E. xiomarae, Male scapes. 89, E. walteri, Hind tibia 

ventral metasoma yellow in anterior half, 

then dark brown. Head. Dorsally with mi- 
nor seta ss2 absent between posterior ocel- 
li (rarely with 1) (Fig. 85), all setae S1-6 
present, setal row sr2 present as 1-2 irreg- 

ular rows of 8-10 setae reaching the bot- 
tom of the eye; occipital carina weak; 

width of eye: width of face:38:12, posterior 
margin eye of not nearly contiguous with 
posterior margin of head over most of 
length. Ratio of MS:EH 18:28; lateral ocel- 
lus more than 1 diameter from eye (OD: 
OOD 6:10). Face below eyes rounded, not 
abruptly narrowing. Vertex under anterior 
ocellus reticulate. Toruli separated by 
about 2.1 their own diameters. Malar su- 
ture absent below eye. Area under eye 
lightly reticulate. Scape 4x as long as 
wide. Ratio of funicular segments 12:11:11: 
11:17, width 6 at Fl to 7 at club, flagellar 
segments with small whorls of brown se- 
tae basally. Mesosoma. Pronotum anterior 

to transverse carina with scattered setae, 
finely rugosely reticulate, posterior to ca- 
rina more openly reticulate and shiny. Me- 
soscutum (Fig. 86) reticulate, becoming 
more smooth, and shiny posteriorly. Mid- 
lobe with median carina fading over an- 
terior 1/4, otherwise complete, not notice- 

ably sunken posteriorly, with no small se- 
tae antero-laterally, posterior setae even 
with surface. Dorsal axillar/scutellar mar- 

gin with broad, nearly straight deep fur- 
row with flat bottom. Axillae shiny, open- 
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ly reticulate. Scutellum shiny, lightly retic- 
ulate to alutaceous, smooth along poste- 
rior margin, pointed at anterior margin 

with axillae. Metanotum bordered anteri- 

orly by a narrow band of small alveoli, 
medially shiny and lightly reticulate (Fig. 
87). Propodeum laterad of median carina 

lightly reticulate, shiny to the step-like pli- 
ca, median carina with anterior cup-like 

flange nearly triangular and invaginated, 
with transverse carina. Area around spi- 

racle openly reticulate laterally, spiracle 
slightly raised above surface and slanted 

so that opening is at a slight angle to the 
surface, with antero-lateral flange large, 

obvious, with 9-12 setae laterad and be- 

low spiracle. Posterior margin of propo- 
deum without deep alveolus at posterior 
margin. Petiole in dorsal about as wide as 

long (12:13), rugose dorsally. Metasoma. 

Ovate, about 1.2-1.5x as long as wide. 
Legs. Ratio of hind tibial spur I:spur 2: 

tarsus? 12:13:14. 35:26:21:15:10:16.,. Fore- 

wing. Hyaline, about 2.3 as long as 

wide. Costal cell with 2 irregular rows of 

setae ventrally. Venation yellow to white, 

ratio of postmarginal: stigmal (25:18). 

Male.—Similar to female except: body 

length 1.9 mm; antenna with scape white, 

slightly swollen (Fig. 19, 36, 88), with nar- 

row, elongate sensory area containing 2 ir- 

regular rows of sensillae extending about 
1/73, length; fumiclé -ratios «1171131517 

width 5-6, with scattered or whorled 

semierect brown setae on each flagellom- 
ere. 

Hosts.—Hemiceras clarki, H. corema, H. ni- 

grescens, Rosema attenuata (all Notodonti- 
dae). 

Notes.—One female specimen has been 
observed with a single ss2 seta instead of 
the usual two. This further confirms that 

there may be some variation in this char- 

acter although overall it is quite stable. 

Distribution.—Known only from the 
ACG. 

Types.—Holotype female: Costa Rica, 
Guanacaste Prov., Area de Conservacion 

Guanacaste, Lambert N318500 E359850, 
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240m., VIII. 20, 1993, 93-SRNP-4388, D.H. 

Janzen & W. Hallwachs. ex. Hemiceras clar- 

ki (deposited in INBIO). Paratypes: 3 fe- 
males with the same data as holotype; oth- 
er specimens with some of the same in- 
formation are except: 3 males and 2 fe- 

males with Lambert N318500 E359850, 

240m., VIII. 22. 1992, 92-SRNP-4609; 1 

male and 2 females with Lambert N318500 

E359850, 240m., VIII. 16. 1993, 93-SRNP- 

4384; 3 females with Lambert N313500 

E359850, 240m., VIII. 22. 1992, 92-SRNP- 

4614; 1 female with Lambert N318500 

E359850, 240m., VIII.23.1992, 92-SRNP- 

4642; 1 female with Lambert N318500 

E359850, 240m., VIII.22.1992, 92-SRNP- 

4602; 3 females with Lambert N318500 

E359850, 240m., VII. 23. 1992, 92-SRNP- 

4652, ex. Rosema attenuata (deposited in the 
USNM and BMNH, INBIO, and CNC). 

Etymology.—This species is named in 
honor of Xiomara Driggs Valerin in spe- 

cial recognition of her dedicated manage- 

ment of the Human Resources office of the 

Area de Conservacion Guanacaste. 

Euplectrus zamorai Schauff, new species 
(Fig. 22) 

Diagnosis.—Face below toruli dark 
brown or black (as in Fig. 15); mandibles 

brown; seta S4 and seta ss2 absent (as in 

Fig. 85); funicle yellow except last two seg- 
ments dark brown (Fig. 22); malar suture 

absent below eye; setal line sr2 reduced; 

anterior metanotum without alveoli; pro- 
podeum laterad of median carina smooth. 

The contrasting distal antennal seg- 
ments of this species readily set it apart 
from similar species such as orias and val- 

verdei which also have a dark face and 

dark hind coxae but unicolorous, or only 

gradually darkening, flagellar segments. 
Euplectrus furnius also has the apical fla- 
gellar segments contrasting with F1, but 

that species has the ocellus more than 2X 

its diameter removed from the margin of 

the eye (just over 1X in zamorai) and the 

face is about 4X as wide as the width of 

the eye (just over 2X in zamorai). 
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Description.—Female. Body length 1.7-2 
mm. Color: body mostly black except the 
following: antenna with scape yellow, fla- 
gellum yellow, last 2 flagellomeres brown 
or light brown; mandibles brown; legs yel- 

low except hind coxa brown; dorsal me- 

tasoma with large central yellow area ex- 
tending from just behind petiole posteri- 
orly about 2/3 length of dorsum, becom- 

ing darker brown posteriorly, lateral 

margin brown, ventral metasoma yellow 
in anterior half, then dark brown. Head. 

Dorsally with minor seta ss2 absent be- 
tween posterior ocelli, seta S4 absent, setal 
row sr2 present but reduced to 1 short 
row of 3-4 setae with an additional seta 
or two near bottom of eye; occipital carina 

weak to absent; width of eye: width of 
face: 33:14, posterior margin eye of not 
nearly contiguous with posterior margin 
of head over most of length. Ratio of MS: 
EH 15:28; lateral ocellus more than 1 di- 

ameter from eye (OD:OOD 6:8). Face be- 

low eyes abruptly narrowing. Vertex un- 
der anterior ocellus reticulate. Toruli sep- 
arated by about 2 their own diameters. 
Malar suture absent below eye. Area un- 
der eye lightly reticulate to alutaceous. 
Scape 5x as long as wide. Ratio of funic- 
ular segments 12:13:13:12:16, width 5 at F1 
to 6 at club, flagellar segments with small 
whorls of brown setae basally. Mesosoma. 

Pronotum anterior to transverse carina 

with scattered setae, finely rugosely retic- 
ulate, posterior to carina more nearly 

smooth with slight open reticulation and 
shiny. Mesoscutum reticulate, becoming 
more smooth, and shiny posteriorly. Mid- 
lobe with median carina nearly complete, 
fading at extreme anterior margin, not no- 
ticeably sunken posteriorly, with no small 
setae antero-laterally, posterior setae even 

with surface. Dorsal axillar/scutellar mar- 
gin with narrow, nearly straight deep fur- 
row without flat bottom. Axillae nearly 
smooth, shiny, with faint open reticula- 

tion. Scutellum shiny, very lightly aluta- 
ceous, smooth along posterior margin. 
Metanotum anteriorly nearly contiguous 
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with scutellum, without obvious narrow 

band of small alveoli, medially shiny and 

smooth. Propodeum laterad of median ca- 
rina shiny and smooth to the step-like pli- 

ca, median carina with anterior cup-like 

flange rounded and invaginated. Area 

around spiracle reticulate, spiracle slightly 
raised above surface and parallel to the 

surface, with antero-lateral flange present, 
with 6-8 setae laterad and below spiracle. 

Posterior margin of propodeum without 
deep alveolus at posterior margin. Petiole 
in dorsal as wide as long (12:12), rugose 

dorsally. Metasoma. Ovate, about 1.1-1.5x 

as long as wide. Legs. Ratio of hind tibial 

spur l:spur Z:itarsus 1:12:13:14. 31:22:22; 
11:8:14. Forewing. Infuscate light brown, 

about 2.3 as long as wide. Costal cell 

with 1 irregular row of setae ventrally. Ve- 

nation yellow light brown, ratio of post- 

marginal: stigmal (22:13). 
Male.—Unknown. 

Hosts.—Unknown. 

Distribution.—Known only from the 
type localities. 

Types.—Holotype female: Costa Rica, 
Heredia, Chilamate, 75m., XII.1989, 

I11.1989, Hanson & Godoy (deposited in 
USNM). Paratypes: 2 females with same 
data as holotype except V. 1989; 1 female 
IX-X.1989; 1 female Guanac, Est. Pitilla, 9 

km S Santa Cecilia, 700m., V.1988, P. Han- 

son (deposited in USNM). 

Etymology.—This species is named in 
honor of Luis Federico Garita Zamora in 

recognition of his many years of steadfast 
and enlightened managment of field op- 
erations and construction management for 
the Area de Conservacion Guanacaste. 
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The Southern African Wasp Genus Handlirschia Kohl, 1897 

(Hymenoptera: Apoidea, Sphecidae, Bembicinae) 

MICHAEL OHL 

Museum ftir Naturkunde der Humboldt-Universitat Berlin, Institut fiir Systematische Zoologie, 

Invalidenstr. 40, D-10099 Berlin, Germany, E-mail: michael.ohl@rz.hu-berlin.de 

Abstract—The poorly known digger wasp genus Handlirschia is revised for the first time, and 

two species are recognized, aethiops (Handlirsch, 1889) and scoliaeformis (Arnold, 1929); the latter 

is newly transferred from Stizus. Handlirschia tricolor Gess, 1973, is synonymized with scoliaeformis 

and a lectotype is designated for Stizus scoliaeformis. The revision includes diagnoses, descriptions, 

illustrations of significant characters for each species, and a distribution map. The phylogenetic 

position of Handlirschia within the Bembicinae is discussed. 

Handlirschia Kohl, 1897 is a poorly 

known genus of digger wasp from south- 

ern Africa that was described for the sin- 

gle species, Stizus aethiops Handlirsch, 

1889. The latter was based on a single 
male from eastern South Africa that re- 

mains the only specimen known. Gess 

(1973), without having seen the holotype 
of aethiops, described a second species, 
Handlirschia tricolor, based on five speci- 
mens, also from eastern South Africa. 

As the first step toward a comprehen- 
sive revision of Stizus, | have compiled the 
original descriptions of species assigned to 

that genus. Based on the published de- 
scription and figures, Stizus scoliaeformis 

Arnold, 1929, seemed to be unusual in 

lacking diagnostic characters of Stizini and 

Bembicini, such as an elongate submargin- 

al cell I (Bohart and Menke 1976, Ohl 

1999). Examination of the type series 

showed that Stizus scoliaeformis actually 
belongs in the genus Handlirschia within 

Gorytini (sensu Bohart and Menke 1976), 
and that Stizus scoliaeformis and Handlir- 
schia tricolor are synonyms. Since then, 
roughly 50 more specimens of Handlir- 
schia, all scoliaeformis ( = tricolor), came to 

my attention. These findings prompted 
me to revise the genus in order to evaluate 

its species composition, provide diagnos- 
tic characters of the included species, and 
evaluate its phylogenetic relationships. 

Diagnosis sections are not provided 
here since only two species are involved, 
and their defining characters are present- 
ed in the key. 

TECHNICAL TERMS 

Most morphological terms follow Bo- 

hart and Menke (1976). However, a few 

are explained here for convenience. I fol- 
low Melo (1999) in adopting the terminol- 

ogy of Smith (1970) for male genitalia. 

Gonapophysis: penis valve of Bohart and Menke 

(1976). 

Gonocoxite: 

(1976). 

Metapostnotum: usually referred to as “propo- 

deal triangle’, ‘triangular area’ or ‘propodeal 

enclosure’ in Apoidea, but in fact the meta- 

gonostyle of Bohart and Menke 

thoracic postnotum that is fused to the true 
propodeum (Brothers 1976). In Handlirschia 

the metapostnotum Is more or less triangular 

and extends slightly onto the posterior sur- 

face of the propodeum 
Placoids and tyloids: 1 follow Bohart and Menke 

(1976:23-24) in distinguishing two kinds of 

specialized regions on male antennae. Pla- 

coids are “platelike, flat, or curved areas ... 
that are ... depressed below level of sur- 

rounding integument’, whereas a tyloid is 
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Fig. 1. 

defined as a “linear welt or cariniform swell- 

ing.” 

Torulus (plural: toruli): antennal socket of Bo- 

hart and Menke 1976, i.e., the socket on the 

frons of the face upon which the scape of the 

antenna is articulated (Fig. 2a). 

All illustrations (except for Fig. 1, which 
is a traditional ink drawing) were pre- 
pared on a personal computer using Ado- 
be’ programs: a pencil drawing made with 
a camera lucida was digitized with a scan- 
ner as a bitmap-based illustration and 
then imported into the Adobe’ Streamline 
4.0 program. This software converts bit- 

map-based illustrations into vector-based 
illustrations, which were then modified in 

the Adobe’ Illustrator 7.0 program to pre- 
pare the final illustrations. 

Locality names are arranged in alpha- 
betical order within each country, district, 

or province, respectively. Coordinates 
were taken from various sources, espe- 
cially the catalogue of southern African 
place names by Leistner and Morris (1976) 

the GEOnet names server of the 
NIMA Geographic Names Database (http: 

/gnpswww.nima.mil/geonames/GNS/ 
index.cfm). All coordinates follow the con- 

vention used by the ‘Times Atlas of the 

and 
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Handlirschia scoliaeformis, male, habitus. Namibia, Okahandja. 

World’ (ie., 21.55S 16.08E instead of 

Z21°95'9 16°08 E). 

ORIGIN OF MATERIAL 

Institutional or personal collections in 
which the material is deposited are abbre- 
viated in the text as follows (names of con- 

tact person are in parentheses): 

AMGS_ Albany Museum, Grahamstown, 

South Africa (Fred W. Gess). 

BMNH British Museum (Natural Histo- 

ry), London (Christine Taylor). 

CAS California Academy of Sciences, 

San Francisco, USA (Wojciech J. 
Pulawski). 

CSE Personal collection of Christian 

Schmid-Egger, Berlin, Germany. 
MS Personal collection of Maximilian 

Schwarz, Ansfelden, Austria. 

NHMW Naturhistorisches Museum, Wien, 

Austria (Stefan Schédl). 

OL Personal collection of Michael 

Ohl, Berlin, Germany. 

SAM South African Museum, Cape 
Town, South Africa (Margie A. 

Cochrane). 

USNM_ Smithsonian Institution, National 

Museum of Natural History, 
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Washington, D.C., USA (Mau- 

reen J. Mello). 

Genus Handlirschia Kohl, 1897 

Handlirschia Kohl, 1897:425. Type species: Splie- 

cius aethiops Handlirsch, 1889, by monotypy. 

Diagnosis.—Handlirschia is a member of 

Gorytini (Bohart and Menke 1976), an as- 

semblage of 39 genera (Bohart 2000) that 

apparently lacks any apomorphy (see 
phylogenetic discussion below). The most 

important diagnostic features, which tax- 

onomically place Handlirschia in Gorytini 
are the combination of two midtibial spurs 

(Fig. 2e), a keel-like basomedian ridge on 

sternum I, and submarginal cell I not un- 

usually elongate (Fig. 2b). Within Goryti- 

ni, Handlirschia belongs to the branch of 

genera with an oblique scutal carina (Fig. 
2c). Among these, it can be recognized by 
the lack of both a sternaulus and an omau- 

lus, and by the presence of spiracular 

lobes in the male. Additionally, the inner 

eye margins are almost parallel (Fig. 2a), 

whereas the margins converge ventrally in 

some other gorytin genera. 

Description.—A redescription of Handlir- 
schia is provided because Bohart and Men- 
ke (1976) based their generic diagnosis 

and description on the single known spec- 
imen of aethiops. They treated as distinc- 
tive for Handlirschia some characters of 

male aethiops that do not occur in scoliae- 
formis (e.g., the prominent male sternal 
fimbriae and somewhat distorted apical 

flagellomeres). Included are those charac- 

ters that vary within other Gorytini but 

are constant within Handlirschia. Reference 

is made to Stizini and Bembicini, which 

also have spiracular lobes in the male. 

Head shape simple (Fig. 2a): eye inner 
margins almost parallel; frons with angu- 
lar, transverse swelling below ocelli, shal- 

lowly depressed above antennae; toruli 

well above frontoclypeal margin; suban- 

tennal sutures well developed, reaching 

frontoclypeal suture between anterior ten- 
torial pits; clypeus slightly, evenly convex, 

maximum width 2.5-2.8x median length; 
mandibles slightly curved subapically, 
with an inner preapical tooth; male anten- 

nae with tyloids and/or placoids. Pronotal 

collar (Fig. 2d) sloping gently, separated 

from scutum by transverse groove, topped 

by a sharp edge (less so in scoliaeformis); 
scutum with well-defined oblique scutal 

carina (Fig. 2c); omaulus, sternaulus, epi- 

sternal sulcus and acetabular carina ab- 

sent. Hindleg arolium smaller than other 

arolia (Fig. 2f,g); midtibia with two prom- 

inent spurs (Fig. 2e). Wings (Fig. 2b) in- 

fumate; pterostigma ill-defined, parallel- 

sided, posterior margin straight; both re- 
current veins received by submarginal cell 
II; jugal lobe larger than tegula; hindwing 

media diverging before cu-a. Propodeum 

without spiracular groove; propodeal 
hindcorners projecting, hindface concave. 
Metapostnotum an equilateral triangle; 

median propodeal pit forming longitudi- 

nal groove that extends from posterior 
third of metapostnotum slightly onto pro- 
podeal hindface and that is delimited by 

distinctive carinae; the latter project onto 
the propodeal hindface almost down to 

the propodeal orifice. Tergum VII with 
large spiracular lobe (Fig. 5c). Sternum | 
with median carina distally (in addition to 

much larger basomedian carina) and 

many oblique to longitudinal rugulae; 

sternum II with basal hump (Fig. 1) and 

prominent, deep, transverse groove ante- 

rior to it; sternum VII largely reduced to 

a membranous sclerite between spiracular 

lobes (Fig. 5c). 
Unfortunately, the genitalia and meta- 

somal segment VIII of the holotype of ae- 
thiops were lost after Handlirsch (1889:469) 

studied them. He described them as fol- 

lows: “The genitalia are almost the same 

as in the preceding species [which is a 
Sphecius in the sense of Bohart and Menke 
1976], except for the sagitta lacking the 

outer point’” (my translation). Segments 

VII-VIII and the genitalia were dissected 

and originally glued onto card bottom, 
which is pinned under the specimen. Only 
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segment VII (and most of the right anten- 

na) is still present. Only two generic char- 
acters can be extracted from Handlirsch’s 
description and_ scoliaeformis. Obviously 
sternum VII is indeed narrowed to a 
sharp spine (Figs. 1, 5d, e). Apparently, 
the “outer point of the sagitta’’ [ = vol- 
sella] is the cuspis, which also lacks in sco- 

liaeformis (Fig. 5a, b). Absence of a cuspis 
is thus a generic character of Handlirschia. 
The alleged similarity to Sphecius is not in- 

formative, because there are remarkable 

differences in the male genitalia between 
Handlirschia scoliaeformis and the species of 
Sphecius that I have studied (antennatus, 
grandis, hogardit, pectoralis, speciosus, and 
spectabilis). 

Phylogenetic Position.—A few pre-cladis- 
tic hypotheses on the relationships of Han- 
dlirschia have been published. Handlirsch 
(1889:467) placed aethiops in Sphecius, 
pointing out that ‘within that genus, ae- 

thiops represented a group of its own” (my 
translation). Kohl (1897) established a 

monotypic genus, Handlirschia for aethiops, 

which he supposed to be “intermediate 
between Sphecius and Stizus’’. He gave a 
list of characters to differentiate Handlir- 
schia from the latter two genera and con- 
cluded that “apparently, Handlirschia is 
closer to Stizus than to Spliecius’’ (Kohl's 
Stizus included Bembecinus, to which he 
probably referred). Arnold (1929) placed 
scoliaeformis in Stizus and commented: 

“Quite unlike any other species of the ge- 
nus and perhaps deserving to rank as the 
type of a subgenus” (Arnold 1929:318). 

Gess (1973) compared his new species, tri- 
color, only with Sphecius, thus implying 

placement in the Gorytini. Bohart and 
Menke (1976) emphasized the similarity of 
Handlirschia to Sphecius and Kolilia and 
considered Handlirschia as the most basal 
branch of those Gorytine that have an 
oblique scutal carina (Bohart and Menke 
1976:509, Fig. 155). Furthermore, they 
‘put it on a separate line of evolutionary 
development in the general direction of 
the Bembicini and Stizini ... In fact Han- 
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dlirschia would probably be put in Stizini 
except for the rather typical gorytin wing 
venation” (Bohart and Menke 1976:509). 

A comprehensive cladistic evaluation of 
the phylogenetic position of Handlirschia is 
beyond the scope of the present paper. 
Handlirschia is a member of Gorytini (sen- 

su Bohart and Menke 1976, Bohart 2000) 

within the clade Bembicinae (sensu Melo 

1999). As Bohart and Menke (1976) indi- 

cated, the Gorytini are a group of genera 
united only by symplesiomorphic fea- 
tures. Therefore, the tribe is probably a 
paraphyletic assemblage (Fig. 3a). Alex- 
ander’s (1992) phylogenetic analysis of the 
Apoidea did not evaluate the phylogenetic 
status of the Gorytini, because he used 
tribes as terminal taxa. Melo (1999) ana- 

lyzed the relationships within Apoidea on 
the level of genera representing most of 
Bohart and Menke’s tribes. Although he 

used only two representatives of the re- 
markably heterogeneous Gorytini (Hopli- 
soides and Ochleroptera), his results support 
the assumption of its paraphyly. 
Nemkov and Lelej (1996) presented a 

cladistic analysis of Gorytini (Fig. 3b). 

They did not include any outgroup (e.g., 

Stizini, Bembicini) in their study, howev- 

er, so that they could not test the phylo- 
genetic status of Gorytini. They studied no 
specimens of Handlirschia and relied on 
characters listed by Bohart and Menke 
(1976), some of which are lacking in sco- 
liaeformis. They established a new subtribe, 
Handlirschiina. This subtribe is not rec- 
ognized here, because it is a redundant 

name for an already named clade, Han- 

dlirschia. Recognition of Handlirschiina 
would not be an improvement neither for 
taxonomic nor for phylogenetic purposes. 
Nemkov and Lelej placed Handlirschia as 
the basal branch of the assemblage of gor- 
ytine genera with an oblique scutal carina 

(Fig. 3b). This is not surprising because an 
oblique scutal carina is indeed a charac- 
teristic of most Gorytini (except for five 
genera). However, Nemkov and Lelej did 

not consider the potentially significant fact 
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Fig. 2. Handlirschia. Some generic characters (drawn from Namibian specimens of scoliaeformis). a, Fore and 
hindwing. b, Head frontally. c, Oblique scutal carina (osc), left posterior edge of scutum (sc) (tg = tegula). d, 
Anterior part of thorax (arrows indicate gently sloping pronotum and sharp-edged posterior groove, respec- 
tively). e, Apex of left midtibia with two midtibial spurs. f, Hindtarsomeres IV-V. g, Foretarsomeres IV-V 
(female). 
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that an oblique scutal carina is also pre- 
sent in Nyssonini, Stizini, and Bembicini 

within Bembicinae. 

The only unique apomorphy of Handlir- 
schia that Nemkov & Lelej (1996) identi- 

fied is the presence of spiracular lobes of 
tergum VII (Figs. 4a, 5c). Besides Handlir- 

schia, this character occurs only in Stizini 

and most Bembicini (lobes missing in bi- 

cyrtes and Microbembex), which together 

form a monophyletic group based on the 

presence of an unusually elongate sub- 
marginal cell I. Since Nemkov and Lele} 
(1996) did not include Stizini and Bembi- 

cini in their analysis, not surprisingly they 
considered the presence of a spiracular 
lobe as an apomorphy of Handlirschia. A 

preliminary alternative interpretation is 

depicted in Fig. 3c and explained below. 
The other three characters mentioned by 

Nemkov & Lelej (1996) as homoplastic 

apomorphies for Handlirschia are of less or 
no phylogenetic significance: (a) labrum 
prominent (weakly contrasting with the 

alternative character state ‘labrum incon- 

spicuous’”’, and very likely modified sec- 
ondarily); (b) omaulus absent (omaulus 

missing in many other gorytine genera); 

(c) terga HI, IV, and sometimes V with 

dense, apical fimbriae (present only in 
Handlirschia aethiops). 

In summary, Kohl (1897) and more ex- 

plicitly Bohart and Menke (1976) were the 

first to imply a close relationship of Han- 
dlirschia with Stizini and Bembicini, al- 

though they still placed the genus in Gor- 

ytini. As discussed above there is indeed 
a good reason to suppose that Handlirschia 
and Stizini + Bembicini together form a 
monophyletic group, at least based on the 
striking presence of spiracular lobes. Fig. 
3c illustrates this preliminary hypothesis 

based on the assumption of a unique de- 
velopment of spiracular lobes, thus plac- 
ing Handlirschia as the sister group of Sti- 
zini + Bembicini. This tree agrees with a 

unique evolution of the elongate submar- 
ginal cell I in Stizini + Bembicini and the 
unique loss of the spiracular lobes in Br- 
cyrtes and Microbembex, but still implies a 
parallel evolution of the concave propo- 

deal hindface in Handlirschia, Bembecinus, 
and Bicyrtes, respectively. Based on the six 
characters considered here, the hypothesis 
in Fig. 3c is more parsimonious than Bo- 
hart and Menke’s hypothesis (Fig. 3a): 

there is no length difference for characters 
1-2 and 4-6 on the two trees, but spirac- 

ular lobes (character 3) were evolved only 

once in Fig. 3c rather than twice in Fig. 3a. 
However, this conflicting character polar- 
ization can only be more definitively re- 
solved in the frame of a cladistic analysis 
of the entire Bembicinae, taking into ac- 
count much more characters and taxa. 

Life History—Unknown. The presence 
of a female foretarsal rake suggests 
ground nesting. Flower records are known 
only for scoliaeformis and are derived ex- 

clusively from the fieldwork of S.K. Gess 
and F.W. Gess, Grahamstown, South Af- 

rica. These data are given in the Life His- 
tory section of scoliaeformis. 

KEY TO SPECIES OF HANDLIRSCHIA 
(The female of aethiops is unknown.) 

1. Metapostnotum smooth, shiny, contrasting with coarsely, irregularly punctatorugose pro- 

podeal dorsum. Metapleuron and anterior part of propodeal side smooth, shiny. Black, 

a 

Fig... 3, Handlirschia. Three hypotheses on the phylogenetic relationships within the Bembicinae. a, Combined 

and redrawn after Bohart and Menke (1976: Figs 155, 181). b, Redrawn after Nemkov and Lelej (1996: Fig. 2). 

c, Preliminary hypothesis of the present paper. For discussion see Phylogenetic Position section. Character 

numbers: 1 = oblique scutal carina present, 2 = concave hindface of propodeum, 3 = presence of spiracular 

lobes, 4 = ocelli deformed, 5 = spiracular lobes reduced, 6 = elongate submarginal cell I. 
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appendages and face partly yellow-orange (males only?). Metasoma covered by distinctive 

erect setae that are two midocellar diameters long, pale on terga I-II, black on II-IV. Males: 

sterna II-V with short, erect, apical fimbriae (Fig. 4f); flagellomeres IV-XI shallowly exca- 

vated ventrally, with broad placoids; femora and tibiae conspicuously modified (see De- 

Scripuon torcdetails)) 22) nc hacen ee Heed hah apes eg ERS Boe aethiops (Handlirsch) 
Metapostnotum and propodeal dorsum coarsely punctatorugose to finely rugose (except 

for small impunctate area at apex of metapostnotum). Metapleuron and anterior part of 

propodeal side microsculptured, dull. Thoracic dorsum and at least basal terga largely 
yellow-orange. Metasoma with short, appressed, golden setae less than one diameter long. 

Males: Sterna without fimbriae; flagellomeres V-IX at most slightly convex ventrally, with 

narrow, linear tyloids; legs unmodified. scoliaeformis (Arnold) 

Handlirschia aethiops (Handlirsch, 1889) 
(Fig. 4) 

Sphecius Aethiops Handlirsch, 1889:467, male, in- 

correct original capitalization. Holotype: 

male, South Africa: ‘‘Caffraria’’ [eastern 

South Africa, see note below]: no specific lo- 
cality (NHMW), examined.—As Handlirschia 

aethiops: Kohl, 1897:425 (new combination); 

Arnold, 1929:259 (Handlirsch’s description 

translated into English); Bohart and Menke, 

1976:509 (listed); Dollfuss, 1989:9 (holotype 

in NHMW). 

Description.—(Based on holotype, a 
male.) Length 13.8 mm. Black with the fol- 

lowing yellow-orange: antennae, labrum, 
clypeus, frons below upper rim of toruli 
(somewhat extending above toruli at inner 
eye margin), and a narrow streak behind 

each eye. Flagellomeres II-XI somewhat 
distorted: I] with oblique, inner ventral 
depression; III ventrolaterally with slight- 
ly convex, elongate, black spot, otherwise 

unmodified; [V with similar but much 

smaller spot and comma-shaped tyloid on 
ventral surface; V-VHI with depressed, 

shiny, ventral placoids; IX with a tiny, ba- 

soventral tyloid. Frons punctatorugose; 
vertex microsculptured, with scattered 

punctures, markedly punctured between 
ocelli and at posterior margin of vertex. 
Scutum shiny, with punctures about one 

diameter apart; punctures on scutellum 

and metanotum less than one diameter 

apart to subcontiguous. Mesopleuron 
coarsely and densely punctate, largely 
covered with long, dense, pale setae, al- 

most obscuring sculpture. Metapleuron 

and metapostnotum impunctate, shiny. 
Propodeal side impunctate and shiny be- 
fore spiracle, coarsely and sparsely punc- 
tate behind spiracle, many punctures 
more than one diameter apart. Propodeal 
hindface coarsely punctatorugose lateral- 
ly, with irregular, longitudinal carinae me- 

dially. Forefemoral venter markedly con- 
vex, with many erect, pale setae; foretibia 

with conspicuous, toothlike projection an- 

terobasally (Fig. 4e). Midfemur clublike 

(Fig. 4b), widest in apical half, depressed 
in basal half. Midtibia (Fig. 4b, c) deeply 
emarginate at spur insertion and pointed 

apically, with two prominent, apical 
spurs, inner surface with a prominent 

toothlike projection. Hindfemur parallel- 
sided, almost cylindrical (Fig. 4d). Setae 

pale on terga LIL, brown on terga III to 

VII. Tergal punctation coarse, sparsest on 

tergum I (many punctures 2-3 diameters 
apart), becoming denser from tergum II to 
VII. Setae pale on sterna I-HI, brownish on 

IV-VI. Sternum II with rounded, basal 

hump. Sterna coarsely punctate to punc- 
tatorugose throughout. Sterna II-V with 
apical fimbriae (Fig. 4f), shortest on ster- 

num III (The setae of the sternal fimbriae 

are fused into compact triangles of re- 
markably similar size (Fig. 4f). This is 

probably a preservation artifact, and it is 

most likely the fimbriae originally formed 
compact, homogeneous rows). Sternum 

VII (Fig. 4a) small, sclerotized median part 
triangular, membranous laterally. Spirac- 
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f 

Fig. 4. Handlirschia aethiops. a, Segment VII in oblique ventral view. b-c. Right foreleg. b, Anterior view. c, 

Oblique lateral view. d, Right hindleg, posterior view. e, Right midleg, posterior view. f, Sterna III-V, posterior 
margins with apical fimbriae. 
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Fig. 5. Handlirschia scoliaeformis, male genitalia and metasomal segments VII-VIII. a, Genitalia, lateral view. 

b, Genitalia, ventral view (slightly compressed to spread gonapophysis). c, Segment VII, oblique ventral view. 
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ular lobes of tergum VII long (Fig. 4a), ex- 

tending over more than half of total tergal 

length, approaching midline basally. Me- 
tasomal segment VIII and genitalia miss- 

ing. 

Type Locality and Collector.—Handlirsch 

(1889:469) gave the following information 
on the holotype of aethiops: ‘“Stid-Afrika, 

Caffraria, Mus. Vindob. Coll. Winthem” 

(Mus. Vindob. = NHMW). Webster’s Geo- 

graphical Dictionary defines Caffraria (or 
Kaffraria) as “‘a region of Eastern Cape 
Province from Great Kei River on 

South to KwaZulu-Natal Province on 

North between the Drakensberg and the 

coast; largely equivalent to the main por- 
tion of former Transkei ...’’. In the early 

19 century, however, Caffraria was 

sometimes used in a broader sense, prob- 

ably covering most of eastern South Africa 

(F. Gess, pers. comm., Oct 2000). The ho- 

lotype is undated, but ‘Coll. Winthem” 
probably refers to the collection of Wil- 
helm von Winthem (1799-1847), whose 

Hymenoptera and Diptera material was 

transferred to the NHMW in 1852 (Horn 

et al. 1990). Von Winthem apparently nev- 

er traveled outside of Europe, but he com- 

municated with ‘‘close to 200 scientific 

correspondents” (Steetz 1848), who iden- 

tified, exchanged, and donated material, 

and he also purchased collections. Thus, 

the holotype of aethiops was obviously col- 
lected before 1847, but most likely not by 

von Winthem. 

Variation and Life History—Unknown. 
Geographic Distribution.—Eastern South 

Africa is known. 

Material Examined—SOUTH AFRICA: 

“Caffraria’”’ ( = eastern South Africa): no 

specific locality (holotype male, NHMW). 
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Handlirschia scoliaeformis (Arnold, 

1929), new combination 

(Figs. 1-2, 5-7) 

Stizus scoliaeformis Arnold, 1929:317, female, 

male. Lectotype: male, Namibia: Kaokoveld, 

Warmbad (SAM), present designation (here 

designated in order to ensure the name’s 

proper and consistent application), exam- 

ined.—Bohart and Menke, 1976:527 (listed). 

Handlirschia tricolor Gess, 1973:103, female, 

male. Holotype: male, South Africa: Trans- 

vaal: Gravelotte, Beacon Ranch (AMGS), not 

examined. New synonym.—Bohart and 

Menke, 1976:509 (listed). 

Description.—Handlirschia scoliaeformis 
was described in length by Gess (1973, as 
tricolor), whose paper should be consulted 
for more details. For coloration see Vari- 
ation section below. Frons microsculptu- 

red, impunctate, dull. Pronotal collar mi- 

crosculptured, with a few scattered ma- 

cropunctures. Mesopleuron coarsely, 
densely punctate medially. Metapleuron 
and propodeal side before propodeal spi- 
racle impunctate, dull; posterior half of 

propodeal side with coarse, scattered 
punctures that are denser posteriorly. Me- 
tapostnotum and hindcorners and dorsum 
of propodeum coarsely punctatorugose. 
Hindface of propodeum with two longi- 
tudinal carinae. Midtibial spurs promi- 
nent, straight (Fig. 2e). Anterior hump of 

sternum II impunctate, microsculptured 
along midline. Sterna densely punctate, 
except sternum II obliquely punctatoru- 

gose laterally. 
Female——Length 8.8-15.8 mm. Foreleg 

with foretarsal rake. Scutum, scutellum, 

and metanotum indistinctly punctatoru- 

gose. Foreleg arolium and tarsomere V 
markedly enlarged (Fig. 2g). Tergum | 

— 

d, Segment VIII in ventral view. e, Apical spine of sternum VIII, lateral view. Abbreviations: dg = digitus; 

ga = gonapophysis; gc = gonocoxite; vo = volsella; SVII/SVIII 

VI and VILL. 

= sternum VIL and VI; TVII/TVIN = tergum 
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densely punctate throughout, punctures 
denser and shallower on following terga. 

Male.—Length 10.0-16.9 mm. Flagel- 
lomeres IH-VII with linear tyloids, VII 

with a circular tyloid, IX in most speci- 
mens without modifications, in some 
specimens with tiny, polished, basal spot. 
Scutum indistinctly punctatorugose, sin- 
gle punctures discernible toward posterior 
margin. Hindfemoral dorsum convex. 

Punctation of tergum I coarse, many punc- 
tures about one diameter apart, less than 

that on tergum II, shallower and denser 

on terga III to VI, tergum VII coarsely 
punctate. Spiracular lobes of tergum VII 
short, rounded, not extending beyond bas- 
al third of tergal length (Fig. 5c). Sternum 

VIL membranous, bilobed apically (Fig. 
5c). Sternum VUI with a slightly curved, 
sharp spine (Fig. 5d, e). Gonocoxite with 

folded, membranous tip (Fig. 5a, b). Gon- 
apophysis compressed laterally (Fig. 5b), 

rounded in lateral view (Fig. 5a). Lateral 

margin of volsella embedded in and hard- 
ly discernible from basoventral part of 
gonocoxites (Fig. 5b); cuspis missing; dig- 
itus markedly sclerotized, narrow, with 

minute teeth dorsally (Fig. 5b). 

Variation.—Handlirschia — scoliaeformis 

shows a remarkable geographic color var- 
iation: almost all specimens from Namibia 
are extensively marked with yellow or 
yellow-orange, with a strongly contrasting 
black propodeum (Fig. 6a). Moreover, all 

terga are almost completely yellow-or- 
ange, with only the tergal margins nar- 
rowly black and with the band of tergum 
I broken into two large spots. In some 
specimens one ore more of the basal terga 
have additional black markings, but the 

apical terga always have complete yellow 
bands (Fig. 6a). In contrast, specimens 

from eastern South Africa, including the 

types of tricolor, have the propodeum 
largely yellow-orange (Fig. 6b) or at least 
with some yellow-orange markings (Fig. 

6c). Additionally, the basal terga have 

more yellow than the terminal 
which are usually all black (at least terga 

ones, 
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Fig. 6. Handlirschia scoliaeformis. Geographic color 

variation (based on males, but females exhibit the 

a i?) 

same tendency). Colors used: white = yellow-orange, 

black = black, grey = dark reddish-brown. a, Na- 

mibia, 30 km W Okahandja. b, South Africa, Gravel- 

otte (paratype male of H. tricolor). c, South Africa, El- 

lisras. 

V-VI in females and V-VII in males) (Fig. 
6b, c). The same holds for coloration of the 

head, which has more black in eastern 

(Fig. 6c) than in western specimens (Fig. 

6a). One female from Rundu (Namibia) is 

intermediate in having a predominantly 
yellow-orange propodeum, a partly black 
face, and largely black, terminal terga. In 
addition to color, specimens from western 

Namibia average larger (females 11.2—15.8 

mm, males 12.8-16.9 mm long) than spec- 
imens from eastern South Africa (females 

8.8-13.0 mm, males 10.0-14.1 mm long). 

Although I did not study the holotype 
of tricolor and some other material from 

Namibia, housed in the AMGS, Fred Gess 

(pers. comm.) confirmed that these speci- 
mens correspond exactly to the above ob- 
servations. 

Life History—All information on the life 

history of scoliaeformis is derived from the 
fieldwork of Sarah K. Gess and Fred W. 

Gess (Grahamstown, South Africa), in- 

cluding identification of prey and flowers. 
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Fig. 7. Handlirschia scoliaeformis. Collecting localities. 

One male from Namibia has been collect- 
ed as prey of the asilid fly Stiphrolamyra 
bipunctata Loew. Floral records for scoliae- 
formis are: Amaranthaceae: Hermbstaedtia 
odorata (Burch.). Euphorbiaceae: Chamae- 

syce glanduligera (Pax) Koutnik. Mollugi- 
naceae: Limeum argute-carinatum Wawra 
and Peyr., and L. myosotis E. Walter. 

Geographic Distribution (Fig. 7).—Namib- 
ia and Northern Province of South Africa. 

Material Examined (FSG is used here as 

an abbreviation for F.W. and S.K. Gess).— 

NAMIBIA: Karibib District: 84 km W of 
Okahandja on road to Karibib (21.555 
16.08E), 2 Apr 1997 (visiting deep pink 

flowers of Hermbstaedtia odorata (Burch.) 

T.Cooke, Amaranthaceae), FSG (3 males, 

AMGS). Kavango Gebied: 100 km SW 
Rundu (17.56S 19.46E), 25 Jan 1993 (1 fe- 

male, MS). Khorixas District: 44 km from 

Helmeringhausen on road to Spes Bona 

© propodeum with 

red markings 

| @ propodeum black 

30° 

(25.488 16.23E), 16 Mar 1997 (visiting white 

flowers of Limeum myosotis E. Walter, Mol- 

luginaceae), FSG (2 males, 1 female, 

AMGS), same data, but prey of male Sti- 

phrolamyra bipunctata Loew (Diptera: Asili- 
dae) (1 male, AMGS), same locality, 17 Mar 

1997 (visiting white flowers of Limeum my- 
osotis E. Walter, Molluginaceae) (1 male, 

AMGS), same data (visiting flowers of Cha- 

maesyce glanduligera (Pax) Koutnik, Euphor- 
biaceae) (1 male, 1 female, AMGS). Kaross 

(19.30S 14.20EF), “[South African] Mus. Ex- 

ped.”, Feb 1925 (paralectotype female, 
SAM). MaltahGhe District: Nomtsas 

(24.25S 16.51E), 18 Mar 1997 (visiting white 

flowers of Limeum argute-carinatum Wawra 
and Peyr., Molluginaceae), FSG (1 female, 

AMGS). Okahandja District: Leeu River, 9 

km W Okahandja (21.585 16.50E), 13 Feb 

1996, W.J. Pulawski (1 female, CAS); 30 km 

W Okahandja (21.55.56S 16.31.61E), 1500m, 
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Malaise-trap, 2-5 Mar 1997, M.O. Niehuis 

(7 males, 11 females, OHL; 1 male, 1 fe- 

male, CSE). Opuwo District: Warmbad ( = 

Warmquelle, 19.10S 13.49E), Koakoveld 

(probably a misspelling of Kaokoveld), 
[South African] Mus. Exped.”, Feb 1925 

(types of scoliaeformis (paralectotypes here 
designated): lectotype male, 2 paralectoty- 
pe males, paralectotype female, SAM). 
Otjiwarongo District: 18 mi NE Kalkfeld 
(20.45S 16.16E), 22 Feb 1996, W.J. Pulawski 
(2 males, 6 females, CAS; 1 female, 

BMNH); 25 km NE Kalkfeld (20.415 
16.18E), 27 Feb 1996, W.J. Pulawski (2 fe- 
males, CAS); 15-20 km NW Otjiwarongo, 
3 Mar 1990, W.J. Pulawski (2 males, 4 fe- 

males, CAS). Outjo District: 24 km S Ka- 
manjab, 5 Mar 1990, W.J. Pulawski (1 fe- 

male, CAS); 18 km by road C40 from road 

C38 (20,025: 15.55E), 29° Mar 1997 (flying 
low amongst grass), FSG (1 female, 
AMGS). Tsumeb District: 10 km SE Tsu- 

meb (19.135 17.42E), 8 Mar 1990, W.J. Pu- 
lawski (5 males, CAS; 1 male, MS). SOUTH 

AFRICA: Northern Province: Ellisras 

(23.40S 27.44E), 24 Dec 1973, H.N. Empey 
(1 male, AMGS). Gravelotte (23.57S 

30.37E), Beacon Ranch, Jan 1966, D.J. Broth- 

ers (types of tricolor: holotype male, 2 par- 
atype males, paratype female (referred to 
as “‘allotype”’ in Gess, 1973, and labeled ac- 
cordingly), AMGS; paratype male, USNM). 
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Nesting Biology of Isodontia costipennis (Spinola) 
(Hymenoptera: Sphecidae) 

LOURDES A. SOARES, LORENZO R. S. ZANETTE, HELCIO R. PIMENTA!, ALDO GONCALVES, 

AND ROGERIO P. MARTINS 

Laboratorio de Ecologia e Comportamento de Insetos -ICB, Universidade Federal de Minas 
Gerais, P. O. Box: 486, Belo Horizonte, MG, Brazil (RPM E-mail: wasp@mono.icb.ufmg.br) 

Abstract.—During two years (10/92-10/93 and 10/95-10/96) the nesting biology of Isodontia 

costipennis (Spinola) was studied using trap nests in four distinct areas in the Campus of the 

Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, M.G., Brazil. Females built linear 

series of one to six brood cells, weakly separated by wads of grass stems and filled with plant 
material (grass stems and fibers). Cells were provisioned mostly with nymphs of Tettigoniidae 

and Gryllidae. Wasp’s eggs were laid on the cephalothoracic junction of the prey. The number of 
prey per nest varied from 1 to 18. Sixty-one adult wasps emerged from the 41 occupied trap nests 

(69% females, 31% males) and the sequence of sexes in the cells was variable. Thorax widths of 

females were significantly larger than males (respectively 2.63 + 0.22 mm and 2.37 + 0.20 mm). 

An ichneumonid wasp (Messatoporus sp.) was the only natural enemy found. 

Isodontia (Patton) is a cosmopolitan ge- 

nus of solitary non-fossorial wasp that in- 

cludes 60 species (Hanson and Gauld 

1995). Females of this genus build their 

nests in natural cavities using many plant 

materials such as grass stems, flower pap- 

pus, moss and bits of wood; in one species 
bits of soil and charcoal are also used 

(Evans and Eberhard 1970; Bohart and 

Menke 1976). A number of important 

studies using the trap-nest method have 
been done on some species of [sodontia 

(Medler 1965; Lin 1966; Krombein 1967). 

In addition, Piel (1933) studied in detail 

the Oriental species [sodontia nigellus 
(Smith). However, information about the 

Neotropical [sodontia species is scarce (Bo- 
hart and Menke 1976), especially for Iso- 

dontia costipennis (Spinola). The earlier re- 
ports on this species referred only to 
glimpses of nest construction and provi- 
sioning (Richards 1937; Berland 1929; Lin 

1966). Here we present new biological in- 

'In memoriam. 

formation about I. costipennis, especially 

on nesting behavior. 

MATERIALS AND METHODS 

Study sites.—This study was done on the 
Campus of the Universidade Federal de 
Minas Gerais (19°52'S, 43°58’W 830 m), 

Belo Horizonte-MG, Brazil. The trap nests 

were placed in two different successional 
sites. Between October 1992 and October 

1993 the nests were placed in the “Estagao 
Ecoldgica”’ (site I), a preserved area since 

1969, that contains two secondary growth 

forest fragments, more than 40 years old, 

one “cerrado” fragment, one marshy area 

and one grassland small area. 

From October 1995 to October 1996 a 

non-preserved area, also in the UFMG’s 
campus, the ‘’Prefeitura”’ Il), was 

used for the observations. This area has 

(site 

some remains of forest, grassland and cer- 

rado mixed with exotic and ornamental 

species. 
Sampling.—Data were collected using 

trap nests (n = 4800), made of pieces of 

bamboo canes (P/iyllostachys sp.) 84 to 180 
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Fig. 1. Number of adult [sodontia costipennis emerg- 

ing from the 13 nests of site I. 

mm long and with 76 to 241 mm of inter- 
nal diameter. The bamboo cylinders were 
transversely cut to provide a removable 
cover that allowed observations on larval 
development (Fig. 3). One side was closed 
using clay, and a hole of approximately 
6.5 mm was left in the other side. 

The trap nests were attached horizon- 
tally to wood sticks and trees at one and 
two meters height, forming two plots of 
600 sampling points in each studied area, 
one in the forest fragment and one in the 
cerrado fragment. Each sampling point 
had two trap nests (at 1 and 2m high), and 
was 10 meters away from the others. Each 
plot covered an approximate area of 
5000m?. 

All the nests were inspected monthly, 
and the occupied nests were collected and 
replaced by empty ones. In the laboratory, 

the collected nests were placed in trans- 
parent glass tubes closed with gauze and 
daily observed. 

Emerged adults of I. costipennis were 
sexed and their thorax width was mea- 
sured with a digital pachymeter. This 
measurement was taken as the maximum 

distance between the external margins of 
the tegulae. After that, they were pined 

and placed in the UFMG’s Insect Ecology 
and Behavior Laboratory reference collec- 
tion. 

Analysis.—All the analyses were carried 
out with Statistica for Windows (version 

4.3). The differences between internal di- 
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Fig. 2. Number of adult Isodontia costipennis emerg- 

ing from 28 nests of site IL. 

ameters of occupied and non-occupied 
nests and between thorax width of males 
and females were tested by Student's t- 
test (Sokal and Rohlf 1995). The correla- 

tions between the nests length and diam- 
eter with thorax width; cocoon length; di- 

ameter and number of cells per nest were 
tested by Pearson’s Correlation test. Dif- 
ferences between the amount of occupied 
nests at 1 and 2 meters high and propor- 

tion of sexes were tested using Pearson’s 
Chi square. 

KESULIS 

Isodontia costipennis occupied 13. trap 
nests in site I (= 0.3% out of 4800), 10 were 

at 1m high and 3 at 2m high. Twenty-eight 

nests were occupied in site II (= 0.6 % out 
of 4800), 18 at 1 m high and 10 at 2 m. 

There were no differences between the 

number of occupied and non-occupied 
nests at each height, both, within sites and 

between them (p = 0.41). In both areas 

only one generation of [sodontia costipennis 

per year was observed. Twelve females 
and 9 males emerged from the nests of site 

[ and 30 females and 10 males from the 

nests of site I (Figs. 1 and 2). No differ- 

ences were found between the number of 

males and females emerged from each site 
(p = 0.15). Nests containing both sexes 

were found and the sequence of sexes in 

the cells was variable (Table 1). 

The average internal diameter of the oc- 
cupied nests of site | was 12.86 + 3.84 mm 
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Table 1. 
i = sex unknown). 
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The sex sequences of adults of Isodontia costipennis reared from trap nests (M = male, F = female, 

he Nest number — Date of emergence 

1 5/8/92 M F 

2 5/20/92 F M 

3 7/3/96 F M 

4 8/5/96 F F 

5 10/26/95 F F 

6 7/29/93 F F 

7 7/29/93 F F 

8 10/26/95 M F 

9 8/7/96 F F 

10 7/2/96 M F 

11 10/26/96 F F 

12 10/27/96 M F 

13 8/7/96 M M 

14 5/29/96 M M 

15 5/29/96 F F 

Females per cell (“o) 60 73 

F 

M 

M 

F 

F 

F 

B 
F 

M 

M 

*s F 
F 

7 lg 

B M 

F F M 

60 100 50 0 

(range: 9.4—24.1 mm) and 10.57 + 1.37 mm 

(range: 8.1-13.1 mm) to the nests of site II. 

No differences were found between sites 

(p = 0.0007). Non occupied-nests from site 

II presented internal diameters (14.92 + 

2.86 mm) larger than the occupied ones (p 
= (0.0000), however no differences were 

found at site I. 

The average size of females from site | 
was bigger than the males (2.52 + 0.2 mm; 
2.33 + 0.19 mm; p = 0.04). No differences 

were found between sizes of adults 

emerged from nests of site II (2.62 + 0.28 
mim; 246° 20.19 mim; p = 0:09). No‘cor- 

relation was found between the internal 

diameter of occupied nests and the adults 

thorax width (r = —0.05; p = 0.6). 
Nest construction.—The females of Iso- 

dontia costipennis start nest construction, 

building a plug of tightly coiled plant ma- 

terial. Normally, two parts can be distin- 

guished in this plug, the first one made of 

small coiled shoot leaves (average length 
of the plug and standard deviation = 

11.83 + 6.99 mm; n = 10) and the second 

made of tightly coiled leaf hairs (12.74 + 
5.35 mm; n = 10). However some nests (n 

= 5) did not exhibit one of these parts. 

Subsequently, cells are constructed with 
sparsely coiled leaf hairs and the divisions 
between cells are made of compact plugs 

of leaf hairs (less compact than the initial 

plugs). The length of the divisions ranged 
from 5.5 to 23.26 mm (n = 11); in 6 nests 

a single undivided cell was observed. The 
number of cells per nest varied from 1 to 

6; 48% of them presented 2 cells. No cor- 

relation was found between the number of 

cells per nest and their length (r = 0.28; p 
= 0.3). An empty cell near the entrance 

was found in 4 nests. Nest closure is done 

with another plug of firmly coiled leaf 

hairs (average length and standard devi- 

ation = 19.03 + 2.92 mm) followed by 

loosely coiled leaf bits and ended with 
grass stems or dry brushwood tufts that 
can protrude until 30 mm from the en- 

trance hole (Fig. 3). 
Nest provisioning —The number of prey 

per nest ranged from 1 to 18 (n = 21), usu- 

ally nymphs of one of the following En- 

sifera: Agraecidae, Copiphoridae and Pha- 
neropteridae. In one nest an adult of Try- 

gonidiidae (Grylloidea) was found. Only 

in two occasions, nests with mixed prey 

were found (Trygonidiidae and Copiphor- 
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ions: Trap nest occupied by Isodontia costipennis (1. 

dry brushwood tuft; 2. closure plug; 3. cell with prey; 

4. cell division; 5. cell with empty cocoon; 6. initial 

plug) 
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idae; Copiphoridae and Phaneropteridae). 

Six unconsumed prey (nymphs) remained 
alive and paralyzed over 7 days. Prey 
were placed venter up and the wasp’s 
eggs were laid on their ventral cephalo- 

thoracic junction. 
Larval behavior.—All the observed larvae 

(n = 15) were active, constantly twisting 

and moving their heads up and also open- 
ing and closing their mandibles until they 
touched the prey, then starting to con- 

sume them by biting their mesothoracic 
venter. Generally the larvae left behind 

only legs and heads of adults or nymphs 
in the last instar. 

On three occasions, larvae were ob- 

served moving from one cell to another. 

Once a larva, after eating all the prey in 
its cell, moved to a contiguous cell where 

there was a cocoon already and ate the re- 

maining prey that was there before spin- 
ning its own cocoon. In three others nests 
two cocoons were found in the same cell. 

Immature instars.—Egg to adult devel- 

opment lasts 48 to 55 days in laboratory 

uncontrolled conditions. The eggs hatched 

in 1 to 3 days, and larvae took 5 to 12 days 

to start spinning their cocoons. The adults 

took 26 to 48 days to emerge. The cocoons 
were 15 to 17 mm long and 5 to 6 mm 

wide and were always positioned with 

their larger part toward the nest entrance. 

They had two layers, an internal brownish 
chitinous one and an external whitish fil- 

amentous one. No correlation was found 

between the cocoon size (diameter) and 

nest size (r = 0.12, p = 0.13). Almost 25% 

of the immatures did not attain the adult 

stage. 

Interaction with other insects.—Seven in- 

dividuals of one species of Ichneumonidae 

wasp (Messatoporus sp.) were found in 5 
nests of I. costipennis, 2 from site H and 3 

from site I. In two other nests from site II, 

| unidentified adult coleopteran was 

found with remains of I. costipennis’ co- 
coons. Nests from both sites were found 

containing ants (Camponotus spp.), how- 

ever only in one nest from site I evidences 
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of ant attack were found. Two males of 

Megachile (Pseudocentron) curvipes (Smith) 

emerged from the same nest that one fe- 

male of I. costipennis emerged. 

DISCUSSION 

Isodontia costipennis seems to be a locally 
rare species considering that only 0.3% 
(site I) and 0.6% (site H) of the trap nests 

were occupied. However, the differences 

between the width of occupied and non- 
occupied nests suggest that the females of 
I. costipennis may prefer nesting cavities of 
specific size. Hence, considering that most 
of the unoccupied nests (78%) had an in- 

ternal diameter bigger than the occupied 

nest average diameter, it may be assumed 

that nest width was a limiting factor for 
female selection. Fifty-eight percent of the 

trap nests occupied by Isodontia mexicana 
had an internal diameter of 6.4 mm and 

thirty-nine percent had an internal diam- 

eter of 7.9 mm (Medler 1965). The same 

author suggests that 4.8 mm would be the 
minimal diameter of the possible occupied 
nests. Such preferences probably could be 
related to the major efforts required by the 

females on the nest construction (Ainslie 

1922; Evans 1959). The differences in size 

between males and females, found only in 
wasps emerged from nests of site I, may 
be related to the small number of occu- 

pied nests and therefore not be a pattern 
for this species. Further studies will be re- 

quired to elucidate that question. 
The architecture of the observed nests of 

I. costipennis is similar to those from other 
species in the genus. Like I. nigella and I. 
pelopoiformes, I. costipennis occasionally 
builds nests that could be considered in- 

termediate between the unilarval multi- 

cellular nests (as in I. elegans), and the 
multilarval unicellular ones (as in [. auri- 

pes). In those nests, cell divisions are not 

well defined and more than one larva can 

be found in some cells (Bohart and Menke 

1976). Like I. nigella and I. elegans, I. costi- 
pennis builds (sometimes) multicellular 

nests with well defined partitions and a 
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single larva per cell (Piel 1933; Krombein 
1967). The variety of nest types and ma- 
terials used in nest construction presented 

by I. costipennis was also noted for I. nigella 
by Piel (1933) who presumed that a rela- 

tion between the materials used and local 
availability of certain plants might exist. 
Richards (1937) describes a nest of I. cos- 

tipennis in a large curled-up leaf, with cells 
not clearly divided and filled with plant 
wool. The empty cells that were found 
near the entrances of four nests probably 
are vestibular. This type of cell may have 
served, in one period of nest evolution, to 

discourage parasites and predators from 
penetrating the stored cells (Krombein 
1967). 

The utilization of Agraecidae, Copi- 
phoridae and Phaneropteridae nymphs as 
prey has already been described for Iso- 
dontia (Berland 1929; Medler 1965; Lin 

1966). However the provisioning, even if 

casual, with adults of Trigonidiidae, is a 
new observation for I. costipennis. The 
number of prey placed in each cell by I. 
costipennis also did not differ from other 
Isodontia species. Bohart and Menke (1976) 

and Rau (1935) suggested that the number 

of prey per larva probably varies accord- 
ing to the size of the former. The variety 
of prey types used by I. costipennis, may 
be directly related with the local avail- 
ability of prey (see Engelhardt 1928 and 
Medler 1965 for to other Isodontia spp.). 
The mass provisioning and occasional 
mixed prey nests observed in I. costipennis 
are also commonly found in the genus 

(Piel 1933; Medler 1965). 

The relatively low number of parasites 
founded in the studied nests, is atypical of 
other Isodontia species. Five families of 
Diptera and three of Hymenoptera are 
commonly found parasitizing nests of Is- 

odontia (Bohart and Menke 1976). Medler 

(1965), founded that 15% of the trap nests 

used by I. mexicana produced parasites 
Sarcophagidae and Phoridae. Piel (1933) 
mentioned that some Stylopidae parasitize 
I. auripes, I. harrisi, I. nigella and I. costipen- 
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nis, and are frequently found in the ori- 
ental species I. nigella, but rarely in the 
South American species. No stylopized 
nest was found in the present study. How- 
ever, the small number of parasites found 
in the nests of I. costipennis may be only a 
result of the small number of trap nests 
occupied. Mixed nests with Megachile 
were also reported for I. mexicana (Medler 
1965). 

The record of a single generation a year 
is also uncommon for Isodontia (Bohart 

and Menke 1976; Rau 1935). However, 

considering that in this study all the oc- 

cupied nests were removed to the labora- 
tory the length of development may have 
been changed. The high number of dead 
immature may also be related with to nest 
transference from field to laboratory. Like 
other species of the genus, sex sequences 
in the nests of I. costippenis were variable 
(Medler 1965), but unlike other Isodontia 

spp., nests containing both sexes had cells 
with males preceding the cells with fe- 
males. 

The nesting behavior of Isodontia costi- 
pennis is thus very similar to that of other 
Isodontia spp. However some distinguish- 
able aspects such as the utilization of Tri- 
gonidiidae as prey, the existence of only 
one generation a year and the ‘‘male be- 
fore female’’ sex sequences in the nests, 
should be noted. Although I. costipennis 
seems to be a locally rare species, further 
studies are required to elucidate this sup- 
position. 
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Abstract—We studied the foregut and midgut of larvae of Pachycondyla (= Neoponera) villosa 

(F.) using histological methods and the scanning electronic microscope. In this paper we discuss 

the muscle layers of these regions, the origin of peritrophic matrix, the digestive cells secretion 
process, and the term proventriculus used in larvae. 

The digestive tract of hymenopteran lar- 

vae consists of the pharynx, esophagus, 

proventriculus, ventriculus and ileum 

(Wheeler 1926, Nelson 1924, Wheeler and 

Wheeler 1976). When compared to the 

adult digestive tract, the major difference 

is that the foregut of the larva has no crop 

and in the hindgut there is no clear differ- 

ence between ileum and rectum. The lar- 

val hindgut consists of a short and narrow 

tube which widens at the end. The Mal- 

pighi tubules open into the anterior por- 

tion of the ileum. 

The ventriculus occupies most of the 

larval body and represents the major por- 

tion of the gut both in terms of length and 

diameter. The peritrophic matrix, which is 

well developed in larvae, is practically ab- 

sent in adults, where it is found in few 

cases (Caetano 1988, Caetano et al. 1986/ 

1987, Caetano and Hoffmeister 1987, Cae- 

tano et al. 1994). 

The major objective of the present study 
is to describe some ultramorphological 

and histological aspects of larvae foregut 
and midgut of the Pachycondyla villosa (F.) 

and to present some ontogenetic consid- 

erations. 

MATERIALS AND METHODS 

For ultramorphology study, P. villosa 

larvae were dissected in physiological sa- 
line for insects in a Petri dish covered with 

colored wax. The digestive tract was re- 

moved and fixed in Karnovsky fluid for 

24 hours, dehydrated in a ascending al- 

cohol series (70 to 100%), subjected to two 

acetone 100% baths of 15 minutes each 

and then critical pointed dried (Balzers 

CPD 030). After dehydration the material 

was placed on aluminum supports at- 
tached with double-faced tape and sput- 
tercoated with gold (in sputtering Balzers 
SD 050). The digestive tract was examined 

with a Jeol P15 SEM and photographed on 
Neopan SS 120 film. 

For historesin preparation, P. villosa lar- 

vae were fixed directly in 4% paraformal- 
dehyde in phosphate buffer (0.1 M, pH 

7.4). The material was then dehydrated in 
70, 80, 90 and 95% ethanol solutions for 20 

minutes and transferred to resin solution 

(JB4—Polaron Instruments/Bio Rad) for 
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2. 1, General view of foregut. E = esophagus; SN = stomogastric nerve; LM = longitudinal muscle; 

P\ proventriculus; V ventriculus. Scale bar = 40j.m. 2, Detail of esophagus showing relationships with 

omogastric nerve (arrow). CM = circular muscle. Scale bar = 10j:.m. 
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Figs. 3-5. 3, Proventriculus detail where longitudinal muscle occurs externally. Scale bar = 20j.m. 4, General 

view of mesenteron (V = ventriculus). MT = Malpighian tubules. Scale bar = 200j.m. 5, Detail of ventriculus 

wall showing thin and external longitudinal muscle and under these fibers the stronger circular muscle. T 

trachea. Scale bar = 30y.m. 



JOURNAL OF HYMENOPTERA RESEARCH 



VOLUME 10, NUMBER 2, 2001 

72 hours at 4°C. Finally the material was 

transferred to molds filled with resin con- 

taining a catalyze and sealed with metal 
support for microtomy. The blocks were 

cut in Sorvall JB4/Bio Rad microtome. The 

sections were stained with hematoxylin- 

eosin and photographed with Zeiss pho- 

tomicroscope. 

RESULTS AND DISCUSSION 

Ultramorphology.—The esophagus is a 
short and narrow tube that dilates near 

the ventriculus to form the proventricu- 

lus (Fig. 1). This region is covered with 

a circular muscle layer (Fig. 2) that does 

not resemble that observed in the adults 

of other ants (Caetano 1990). In the 

adults, the external muscle is visibly stri- 
ated and consists of oblique fibers that 

intercross, bifurcate or anastomose. In 

the larvae there were no such striations 

or fiber separation. The image is that of 
a sheath covering the entire organ. The 

circular muscle of the esophagus stop 

abruptly at the anterior border of pro- 
ventriculus and resemble those de- 

scribed to Solenopsis invicta Buren (Pe- 
tralia and Vinson 1980) and other ant lar- 

vae (Valentini 1951). 

The stomogastric nerve runs along the 

entire larval esophagus towards which it 

emits small branches that penetrate the 
muscle sheath (Figs. 1 and 2), as is also 

observed in adults. 

The proventriculus appears as a protu- 
sion form the ventriculus surface (Fig. 1). 
This protrusion resembles that described 

by Caetano (1988), Caetano et al. (1986/ 

— 
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1987) and Tomotake (1990) for adults of 

the subfamily Ponerinae and called but- 

ton. Eisner (1957) and recently Tomotake 

et al. (1995a,b) have shown that in adults 

the proventriculus may have external lon- 

gitudinal muscle fibers, as also observed 

for some species of the subfamily Poneri- 
nae (Tomotake 1996). The presence of 

these longitudinal fibers in adults suggests 

that they may have retained this character 
from larvae because the proventriculus is 
the only foregut region that has superficial 
longitudinal muscle fibers in both adults 

and larvae. Structurally this arrangement 
does not differ from typical figures of lar- 

vae presented in morphology textbooks 
(Wheeler and Wheeler 1976). The most 

clearly visible elements are the outer lon- 

gitudinal muscle fibers (Fig. 3), which 

were also observed in this portion of the 
digestive tract of P. villosa adults by trans- 
mission electron microscopy Caetano 

(1991). 

The ventriculus is elliptical, very wide 

(Fig. 4) and covered with weakly devel- 

oped longitudinal muscles and connec- 
tive tissue. The fibers of the circular mus- 

cle are located below these layers (Fig. 5). 

The location of these muscles follows the 

pattern known for adults of these and 
other ant species in which a web of amor- 
phous connective tissue is observed (Cae- 

tano unpublished data) through which 

tracheal branches penetrate the ventricu- 

lus: (Fie. 5): 

According to Lappano (1958), Petralia 

and Vinson (1980) the ventriculus is the 

largest organ of the larva and appears to 

Figs. 6-9. 6, Longitudinal section of esophagus, showing thick cuticle (C) covering lumen. FB = fat body; L 

= lumen; N = nucleus; EP = esophagus epithelium. Scale bar = 10m. 7, Transverse section in esophagus 

showing thick cuticle, cubic epithelium of esophagus and sheath of circular muscle. Scale bar = 20pm. 8, 

Section through proventriculus showing different epithelia of region. (EPT) transition epithelium, (SV) sto- 

modeal valve epithelium and (VEP) ventricular epithelium. In this micrograph we can observe that the tran- 

sition epithelium is producing the peritrophic matrix (arrow). The Malpighian tubules and the fat body are 

close to this region. PM = peritrophic matrix. Scale bar = 20m. 9, Transverse section in proventriculus. MV 

= microvilli; SV = stomodeal valve; L = stomodeal valve lumen; C = cuticle; CCL = stomodeal chamber 

lumen. Scale bar = 20m. 
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Fig. 10-13. 10, Ventriculus epithelium with digestive cells (DC); cells have large median nuclei (N) and long 

microvilli (MV) with smooth secretion droplets (SD) between them. Scale bar = 20um. 11, Detail of apex of 
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serve as a mould around which the other 

abdominal organs are orientated. This 
suggestion is confirmed in P. villosa lar- 

vae. 

Histology.—The esophagus has a wide 
lumen, cuboidal epithelium covered with 

a thick cuticle and a circular muscle sheath 

covering it externally (Figs. 6 and 7). Dur- 

ing feeding, the food bolus may be trans- 
ported through the esophagus by means 
of peristalsis, as occurs in S. invicta (Pe- 
tralia and Vinson 1980). Except for the 

wide lumen and thick cuticle, this descrip- 

tion agrees from that of adults of the same 

species (Caetano 1988) and of all other 
adult ants studied so far (Walker and 

Clower 1961, Caetano and Lage Filho 
1982, Caetano 1984, 1988, 1990). In adults 

the epithelium is thin and the muscle 

sheath less so evident. 

The proventriculus consists of columnar 

epithelium with basal nuclei and well de- 

veloped ensheathing longitudinal mus- 

cles. This portion of the foregut has two 

chambers: one formed by the epithelial 

portion of the foregut (cardiac or stomo- 
deal valve), and the other located between 

the stomodeal valve and the proventricu- 

lus wall, whose lumen communicates di- 

rectly with the lumen of the ventriculus 
(Fig. 8). 

Thus, the proventriculus of P. villosa lar- 

vae appears to be formed by a prolonga- 
tion of the epithelium of the ventriculus 
towards the foregut and its internal por- 
tion, the stomodeal valve proper, is 

formed by a projection of the foregut to- 
wards the ventriculus (Fig. 8). Thus, these 

portion problably reflect a mixed devel- 
opmental origin: the internal part arises 

from the ectoderm of the foregut and the 

outer part from the endoderm of the mid- 
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gut. The presence of outer longitudinal 
muscle fibers in the so-called larval pro- 
ventriculus, as observed in the ventricu- 

lus, is clarified. On this basis, we believe 

that in larvae the structure known as pro- 

ventriculus should be called ‘‘stomodeal 

chamber” because of its position and it 
harbors the stomodeal valve, in contrast 

with the adult proventriculus that does 
not have the stomodeal chamber (Caetano 

1988). 

The lumen of this region is lined with a 
thick cuticle organized in a trabecular for- 
mation, which does not resemble the cu- 

ticular arrangement of adults. The adult 

proventricular lining is organized into 

four (or more) mobile lips that are usually 
covered with spiniform cuticular struc- 
tures (Eisner 1957, Caetano et al. 1991, 

1998, Tomotake 1996). 

The ectodermal origin of the stomodeal 

valve was indicated by the presence of cu- 
ticle that does not stain in histochemical 

processes for proteins, as shown in trans- 

verse sections (Fig. 9). 

The ventriculus is a yellow or dark col- 

oured region visible in live larvae. It is a 
blind sac posteriorly, similar to what is ob- 

served in several species of higher Hy- 

menoptera as Apis mellifera L. (Nelson 
1924), Eciton burchelli Westw. (Lappano 
1958), S. invicta (Petralia and Vinson 1980), 

Ectatomma edentatum Roger (Zara and Cae- 

tano 1998) and some species of the sub- 

family Formicinae, Dolichoderinae and 

Myrmicinae (Valentini 1951), although 

Athias-Henriot (1947) reports it to be open 

in Monomorium. 

The ventricular epithelium is colum- 

nar and could be identified by one type 

of digestive cell. This cell has distinct 

round or oval pycnotic nucleus located 

te 

digestive cells with long microvilli and secretion (S) close to apical membrane. Scale bar = 10m. 12, Detail 

of secretion droplets (SD) releasing from digestive cells. Note absence of microvilli in secretion droplet. Scale 

bar = 10um. 13, General view of ventriculus epithelium of old larvae showing large space around nucleus 

and secretion in apex. GC = Regenerative cell. Scale bar = 20pm. 
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between the median and basal portion of 

the cell (Fig. 10) similar to E. burchelli 
and S. invicta (Lappano 1958, Petralia 
and Vinson 1980, respectively). The apex 
of these cells is rounded, conferring a 

club-like shape on them, and usually ap- 

pears to contain large secretion vacuoles. 
The border bears long microvilli (Figs. 10 

and 11). The secretion is released, like a 

“budding” process in the form of vesi- 
cles containing granules that stain differ- 

entially with H-E (Figs. 10, 11 and 12). 

This process resembles that observed in 

the adult ventriculum of Pachycondyla 
striata Smith, but without microvilli sur- 

rounding the vesicles (Caetano et al. 

1994). This kind of release secretion is 

different than merocrine secretion de- 

scribed in Cataglyphis bombycina (Roger) 
larvae (Valentini 1951). These cells could 

be producing digestive enzymes; how- 
ever, the absorbative cells were not ob- 

served. 

The nests of regenerative cells common- 
ly present in the ventriculus of adults are 
not observed in larvae (Caetano 1984, 

1988, 1990, Caetano et al. 1986/1987), but 

they occur as isolated nuclei close to the 
basal lamina (Fig. 13). 

The peritrophic matrix is clearly visi- 
ble in ventricular lumen (Figs. 14 and 15) 

and an accumulation of ‘‘“membranes”’ is 

noted in its distal portion. Some of the 

membranes enclose food remains and 

some of them are empty (Fig. 16). In this 
region, the remnants of the peritrophic 

membrane (meconium) are accumulated 

for later elimination during pupation as 
also observed in S. invicta (Petralia and 

Vinson 1980). The anterior region of the 

proventriculus, more precisely the tran- 

sition epithelium (Fig. 8, arrow), seems 

to be responsible for the secretion of the 

peritrophic matrix which expands soon 
after leaving the cardiac valve (Fig. 14) 
and reaches the epithelium of the ven- 

triculus. This kind of peritrophic matrix 
formation is similar to that recorded for 

E. edentatum larvae (Zara and Caetano 
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1998). In contrast, Petralia and Vinson 

(1980) decribed a second type of peri- 
trophic matrix produced along the entire 
ventriculus of S. invicta, but this does not 

occur in P. villosa. 

In adults of some ponerine genera (e.g., 

Ectatomma and Neoponera), Caetano (1988) 

reported a similar origin of the peritroph- 
ic matrix, which at first may be confused 

with the stomodeal valve itself. In the 

adults, however, the peritrophic matrix 

penetrates the median region of the ven- 
triculus and opens, appearing to origi- 
nate from inside the stomodeal valve. In 

the larvae studied here the peritrophic 
matrix Opens immediately upon leaving 
the stomodeal valve, which serves as a 

mold. 

CONCLUSIONS 

a) The outer muscles present in the fore- 
gut and midgut of P. villosa larvae differ 

from those of adults by the absence of 

clearly transverse striations. 

b) The proventriculus and the ventric- 

ulus of the larvae have a external longi- 

tudinal muscle sheath but only the adults 

ventriculus shows it. 

c) The larval proventriculus is morpho- 
logically simpler than in adults; the pres- 
ence of cuboidal epithelium with micro- 

villi indicate a secretory function. 

d) The proventriculus term used _ for 

adults does not seem to be appropriate for 

the larval structure described here, we 

suggest the stomodeal chamber. 

e) The “button” located close to the ven- 

triculus anterior region previously de- 
scribed by other authors and present in 
adults of the subfamily Ponerinae is sim- 
ilar to the upper portion of the stomodeal 

chamber. 

f) The histological characteristics of the 

stomodeal chamber of larvae lead us to 

believe that this portion may originate 

from the endoderm as the ventriculus. 
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Figs. 14-16. 14, General view of ventriculus proximal region with stomodeal valve and peritrophic matrix 

being released. Scale bar = 10pm. 15, Close up of peritrophic matrix showing its layers. Scale bar = 10m. 

16, General view of posterior region of ventriculus with ““meconium’’ (M). Scale bar = 50j.m. 
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Abstract.—In general, the spermatozoa of Plebeia (Plebeia) droryana Friese are very similar to 

those described for other Hymenoptera. However, their arrangement in spermatodesmata bundles 
in the seminal vesicle has not yet been found in Apidae, this being a characteristic observed, to 

date, only in Symphyta, the Hymenoptera considered most primitive. The spermatozoa are long 

and thin, made up of a head connected to the tail at the position of the centriolar adjunct. The 

head includes an acrosomal vesicle, a perforatorium and a electron dense nucleus. The flagellum 

consists in a typical axoneme, two mitochondrial derivatives and two accessory bodies. Unlike 

most other Hymenoptera, the centriolar adjunct is very long and located between the nuclear base 

and the anterior extremity of the smaller mitochondrial derivative. It has recently been demon- 

strated that the structure and ultrastructure of hymenopteran spermatozoa are sufficiently varied 
so as to furnish consistent character matrices that can contribute to phylogenetic studies (’’Sper- 

miocladistics’’). Since no consensual phylogenetic hypothesis has yet been proposed for Apidae, 

the data presented here may be a contribution in this direction. 

The Apidae have been extensively stud- 
ied due to their economic and ecological 
importance, since they are pollinators, of- 

ten exclusively, of the majority of flower- 

ing plants, including species cultivated by 
man. The relation between these pollinat- 
ing agents and the plants they pollinate is 
so intimate that changes in the biodiver- 
sity of either group is certain to affect the 
other. The Apidae are also recognized as 
a diverse group with complex social be- 
haviour, which culminate in advanced eu- 
social societies, a level observed only 
among Hymenoptera (a few bees and 
wasps) and in the Isoptera. 

Within the Apidae, the tribe Apini, con- 

sisting in the subtribes Apina, Bombina, 
Euglossina and Meliponina (sensu Roig- 
Alsina and Michener 1993), is particularly 

interesting because its members collective- 
ly display all levels of social behaviour. 
Ranging from solitary bees, as in some 
Euglossina, to advanced eusocial groups, 

such as the Apina and the Meliponina, 

passing though intermediate social behav- 
ior groupings as found in the Bombina 

and Euglossina. 
In spite of the unquestioned importance 

of the Apidae, so far neither morphologi- 
cal nor molecular studies have been able 
to establish an uncontested phylogeny for 
this group (Camargo and Pedro 1992b; 
Cameron 1991, 1993; Cameron et al. 1992). 

The establishment of the phylogeny of this 
group would undoubtedly be important 

for studies of the evolutionary mecha- 

nism, or mechanisms, leading to eusocial 

behaviour (Crozier and Pamilo 1996). 

Structural and ultrastructural character- 

istics of the spermatozoa, besides their 
own biological and taxonomic aspects, 

may be very interesting if this information 

can be used to form a character matrix for 

phylogenetic analysis. This information, 
associated with other character systems, 

could lead to a better understanding of the 
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evolutionary relationships within the 
group (‘‘spermiocladistics’’, Jamieson 
1987) as is being carried out for other an- 

imals, including insects (Baccetti 1972; 

Dallai 1979; Dallai and Afzelius 1990, 

1995; Carcupino et al. 1995; Jamieson et al. 

1999; Lino-Neto et al. 1999, 2000a, 2000b). 

The spermatozoal ultrastructure of only 

one apid species, Apis mellifera Linneaus, 
representing the Apini, has so far been 

studied in detail (Rothschild 1955; Hoage 

and Kessel 1968; Cruz-H6lfing et al. 1970; 

Lensky et al. 1979; Woyke 1970; Lino-Neto 

et al. 2000b). Besides this species, in Me- 

liponina only some aspects of spermiogen- 
esis were investigated, including that of 
Scaptotrigona postica Latreille (Cruz-Lan- 
dim and Beig 1980; Cruz-Landim et al. 

1980), Melipona quadrifasciata anthidioides 
Lepeletier (Cruz-Landim et al. 1980; Cruz- 

Landim and Moraes 1980), Plebeia (Plebeia) 

droryana Friese, Frieseomelitta (Frieseomelit- 

ta) varia Lepeletier, Leurotrigona muelleri 

Friese (Cruz-Landim et al. 1980). However 

these publications contain almost no in- 
formation on the mature sperm cell. 

Therefore, in this study, we characterize 

the structure and ultrastructure of Plebeia 

(Plebeia) droryana sperm so as to furnish 

data that could be used for future phylo- 

genetic research. 

MATERIAL AND METHODS 

Adult males of Plebeia (Plebeia) droryana 

were obtained from colonies maintained 

in the Central Apiary of the Federal Uni- 

versity of Vicosa, MG, Brazil. 

Light Microscopy.—Seminal vesicles 
were dissected and broken open on clean 
glass microscope slides, where the sperm 
were spread and fixed in a solution of 4% 
(wt/vol) paraformaldehyde in 0.1 M phos- 
phate buffer, pH 7.2. After drying at room 
temperature, the preparations were ob- 
served with a photomicroscope (Olympus, 
BX60), equipped with phase contrast. 

To measure the nucleus, some of these 

preparations were stained for 15 min. with 

0.2 pg/ml 4,6-diamino-2-phenylindole 
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(DAPI) in phosphate buffered saline, 
washed, and mounted with Vectashield. 

They were examined with an epifluoresc- 

ence microscope (Olympus, BX60), 
equipped with a BP360-370 nm excitation 
filter. 

Transmission Electron Microscopy.—Sem- 
inal vesicles were dissected and fixed for 

3 hours in a solution containing 2.5% glu- 
taraldehyde, 0.2% picric acid, 3% sucrose 

and 5 mM CaCl, in 0.1 M cacodylate buff- 
er, pH 7.2. The materials were post fixed 

in 1% osmium tetroxide, in the same buff- 

er, for 1-2 hours. Dehydration was carried 

out in acetone and embedded in Epon. UI- 

trathin sections were stained with uranyl 
acetate and lead citrate and observed with 

the Zeiss LEO 906 transmission electron 

microscope. 

RESULIS 

In the seminal vesicle, the spermatozoa 

of Plebeia (Plebeia) droryana are organized 

in spermatodesmata bundles, where the 

anterior region of the heads are embedded 

in a substance of medium electron density 
(Figs. 1, 2). The more central spermatozoa 

are situated slightly ahead of the lateral 
ones, so that a transverse section of this 

region shows acrosomes sectioned at dif- 
ferent levels (Fig. 2). However, some iso- 

lated spermatozoa also appear chaotically 
dispersed in the seminal vesicles (Figs. 5— 

7). 
The spermatozoan of P. droryana is long 

and thin, measuring approximately 135 
wm in length (Fig. 3). The acrosome mea- 
suring about 1.2 wm and is made up of 

the acrosomal vesicle and the perforatori- 

um (Figs. 1, 5-6). The acrosomal vesicle is 

cone-shaped and covers the perforatorium 
along its entire length (Fig. 6). In trans- 
verse section, the acrosome is circular at 

the tip but becomes triangular, particular- 

ly the perforatorium towards the nucleus 
(Figs. 2, 8-9). Along the circular portion, 
an electron transparent layer covers the 
perforatorium, separating it completely 
from the acrosomal vesicle. However, 
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when they are triangular this clear layer is 
reduced to patches at the vertices (Figs. 8— 
9). The perforatorium base penetrates 

about 70 nm into a small asymmetric cav- 

ity in the nuclear tip (Fig. 7). 
The nucleus measures approximately 

7.5 um in length and is filled homoge- 
neously with dense chromatin. In trans- 

verse section, it is slightly oval, measuring 

approximately 0.18 zm in diameter at the 

anterior extremity and 0.45 ym at the pos- 

terior (Figs. 2-7, 10-13). At the anterior tip 
there is a cavity in which the perforatori- 

um fits (Fig. 7), while posteriorly the nu- 

cleus tapers conically and is covered by 
thin electron transparent and_ electron 
dense material (Figs. 12-13, 15). 

The axoneme, measuring 126 pm of 

length, presents the 9+9+2 pattern of mi- 
crotubules, with 9 single, external, acces- 

sory microtubules, nine doublets and a 

pair of single ones in the center of the ar- 
rangement (Figs. 18-21). In the first 0.28 
wm, corresponding to the centriole, the ax- 

oneme consists only of the accessory mi- 

crotubules, the doublets and a dense 

amorphous substance (Fig. 16). The cen- 
tral microtubules begin posterior to the 
centriolar portion (Fig. 17). In the final 
portion, the axoneme is gradually disor- 
ganized, with the central microtubules 

and the nine doublets terminating first, si- 

multaneously, followed by the accessory 
microtubules (Figs. 21-24). 

The centriolar adjunct is very long, 
about 4.6 1m in length, compact and elec- 
tron dense. It begins at the nuclear base 

and extends parallel to the axoneme until 

it fits onto the smaller mitochondrial de- 

rivative (Figs. 11-14). In longitudinal sec- 
tion, it has a rod-like shape while in trans- 
verse section it is approximately circular, 

with a diameter of about 0.2 wm (Figs. 1, 

11-12, 14, 16-18). 

The mitochondrial derivatives are 

asymmetric in both length and diameter 

(Figs. 11, 13-14, 19). Anteriorly, the larger 
mitochondrial derivative begins next to 
the tapering nucleus (Fig. 13) and the 
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smailer in contact with the posterior end 

of the centriolar adjunct. In transverse sec- 

tion, the derivatives are elipsoidal, with 

the larger one curving slightly over the 

smaller one (! 19). Both have at least 

three regions: a dense material that fills in 
most of the mitochondrial derivatives; a 

clear approximately central area and the 

region of the cristae, ited to that part 

of the periphery opposite the axoneme (a, 
b and c in Figs. 16-19). The large mito- 
chondrial derivative also has a region of 
regularly arranged paracrystalline mate- 
rial in the third that is most distal to the 

axoneme (p in Figs. 16-19). Anteriorly, the 

derivative extremities do not show any 

cristae (Figs. 13-14). 

The accessory bodies are located later- 

ally, between the axoneme and the mito- 

chondrial derivatives. In transverse sec- 

tions, they have a triangular shape (Figs. 
18-20). In the cenriolar adjunct region, 

there is only one accessory body present 
between the larger mitochondrial deriva- 
tive and the axoneme (Fig. 18). 

DISCUSSION 

The arrangement of spermatozoa in 
spermatodesmata observed in Plebeia dror- 
yana, has not been described for Apocrita. 
According to Quicke et al. (1992), this 

spermatozoa arrangement in bundles is 
characteristic of Symphyta, considered 
primitive Hymenoptera, in spite of some 

sheath fragments encountered by these 
authors in some Aculeata. The central 
spermatozoa of the sheaths are somewhat 
ahead of the others, as observed in P. dror- 

yana, as also occurs in Xyeloidea and 
Phamphiloidea, which are considered the 

most basal Symphyta (Newman and 

Quicke 1999a). However, in the Siricidae, 

considered the family most closest to Acu- 
leata studied so far, the central spermato- 

zoa are inserted well ahead of the periph- 
eral ones, so that in transverse sections, 

they are observed in very different levels 
(Newman and Quicke 1999a). Although 

most of the spermatozoa are organized in 
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spermatodesmata in P. droryana, as in the 
symphytans, Tremex sp. (Newman and 
Quicke 1999a) and Calameuta sp. (Quicke 

et al. 1992), some spermatozoa are free. 
Newman and Quicke (1999a) suggested 
that the observation of free spermatozoa 
in the seminal vesicle could be due to fix- 
ation or if they indicate a pre-transfer phe- 
nomenon. We believe that it is also pos- 
sible that these spermatozoa have either 
not yet been grouped into spermatodes- 
mata, or even that not all spermatozoa are 

destined to became included in bundles. 
In all the apocritan non-Aculeata (par- 

asitic wasps) considered to date, the sper- 
matozoa appear isolated in the seminal 

vesicle, and no spermatodesmata frag- 
ments have been observed (ex. Quicke et 

al. 1992; Newman and Quicke 1998, 1999b; 

Lino-Neto et al. 1999, 2000a; Lino-Neto 

and Dolder 2001a, b). The fact that sper- 

matozoa organized in spermatodesmata 
occur in Symphyta and in at least one apo- 
critan Aculeata, which are considered, re- 

spectively, the most basal and the most 
derived hymenopteran groups, while not 
occurring in the apocritan non-Aculeata, is 
very intriguing. This suggests either that 
it could be a reversed character state in 
Aculeata or that this group derived di- 

rectly from the Symphyta, as is believed 
to have occurred with parasitic wasps. 
This latter hypothesis seems less likely 

c 
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since morphological and molecular anal- 
yses suggest that Aculeata are the sister 
group of the Ichneumonoidea (Whitfield 
and Cameron 1998; Ronquist et al. 1999). 

The basic structure of the spermatozoa 

in P. droryana is quite similar to that de- 
scribed for other Hymenoptera, as well as 
for insects in general (Phillips 1970; Bac- 

cetti 1972). The acrosome of P. droryana, 

made up of an acrosomal vesicle and the 

perforatorium appears to be typical for 
Hymenoptera (Jamieson 1999), having 

been found in Symphyta (Quicke et al. 
1992; Newman and Quicke 1999a), in the 

Scelionidae, Trissolcus basalis (Lino-Neto 

and Dolder 2000a), in Formicidae (Wheel- 

er et al. 1990) and in Apis mellifera (Cruz- 

Hofling et al. 1970; Hoage and Kessel 
1968; Lensky et al. 1979; Peng et al. 1992, 

1993). In this last species, unlike the other 

Hymenoptera studied, the acrosome is al- 
most as long as the nucleus, measuring 
about 5.6 wm. The fact that the acrosome 

of P. droryana shows a circular cross sec- 
tion at the tip gradually being modified 

into a triangular form as it reaches to- 

wards the nucleus differs from other Hy- 

menoptera where this acrosome are al- 

ways circular (ex. Symphyta, Newman 
and Quicke 1999a; Cynipoidea, Newman 

and Quicke 1999b; Chalcidoidea, Lino- 

Neto et al. 1999, 2000a; Lino-Neto and 

Dolder 2001b; Formicidae, Wheeler 1990), 

Figs. 1-14. Ultramicrographs of Plebeia spermatozoa in seminal vesicle. 1-2, Longitudinal and transverse 

sections, respectively, of anterior region of a spermatodesm. 1, Acrosomal region (arrow) and portion of 

nucleus (n) embedded in less eletron dense extracellular material (+). The arrowhead indicates the centriolar 

adjunct. 2, Numbers 1-6 indicate acrosomes sectioned in anterior-posterior levels from tip to just above nu- 

cleus. 3-4, Phase contrast micrograph of a spermatozoa (3) and head region, DAPI-stained fluorescence of 

nucleus. The arrow indicates the head (h) and tail (t) limit. 5, Longitudinal section showing acrosome (ac) 

and nucleus. 6, Longitudinal section of acrosomal vesicle (av) and perforatorium (p). 7, Transition region of 

acrosome-nucleus showing perforatorium base fitting into cavity of nuclear tip. 8-10, Transverse section of 

acrosome tip (8), base of acrosome (9) and nucleus free of extra cellular material (10). 11-13, Longitudinal 

sections of nucleus-flagellum transition region. Arrows indicate connective material at nuclear base (12, 13); 

14, Longitudinal section at junction of centriolar adjunct and smaller mitochondrial derivative. Arrowhead 

indicates mitochondrial cristae. Abbreviations: n = nucleus; ac = acrosome; av acrossomal vesicle; p = 

perforatorium; ca = centriolar adjunct; ax = axoneme; M = larger mitochondrial derivative; m = smaller 

mitochondrial derivative. Scale bar: 1, 4, 8-9 = 3m; 2 = 24m; 3 = 8pm; 6 = 0,lum; 7 = 0,24m,; 10-11, 14 

= 0,3pm and 5, 12-13 = 0,5m. 
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Figs. 15-24. Sequential transverse sections of flagella. 15, Nucleus-flagellum transition region. Arrow indi- 

cates material connecting nucleus to larger mitochondrial derivative. 16-17, Centriolar region of axoneme. 

Open arrow indicates first of central microtubules. 18-19, Sections of flagellum, at centriolar adjunct region 

and at both mitochondrial derivatives, respectively. The arrows indicate accessory bodies and (*) indicates 

central material between flagellar structures. 20-24, Final flagellar region. The nine doublets (arrowheads) and 

two central microtubules (small arrow) terminate first, followed by accessory ones (white arrowheads). Large 

arrows indicate accessory bodies. Abbreviations: a = less electron dense amorphous region; b = more electron 

dense amorphous region; ¢ = cristae region; pe = paracristalline region in the larger mitochondrial derivative; 
ca = centriolar adjunct; ce = centriole; n = nucleus; ax = axoneme. Scale bar: 15-20 = 0,1m; 21-22 = 0,06.m 

and 23-24 = 0,05um. 

or maintains an oval cross section as in 

Apis mellifera (q.v.) and Vespidae (personal 
observation). The acrosome of A. mellifera 
also differs from that of P. droryana due to 
the presence of a long anterior projection 
of the acrosomal vesicle (Cruz-HO6fling et 

al. 1970; Hoage and Kessel 1968). The pen- 
etration of the perforatorium in the nucle- 
ar tip as occurs in P. droryana has been 
described for the majority of the hyme- 
nopterans (ex. Quicke et al. 1992; Newman 

and Quicke 1999a; Wheeler et al. 1990). 

However, in Eurytomidae, Beplratelloides 
pomorum Fabricius (Lino-Neto et al. 1999), 

and in the Pteromalidae, Nasonia vitripen- 
nis Walker (Hogge and King 1975), the 
perforatorium base is concave and has the 
same diameter as the nucleus in this re- 
gion, fitting directly onto the anterior nu- 

clear surface. In the majority of parasitic 
wasps, there is a third extracellular layer 
(the extracellular sheath), covering all of 
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the acrosome and extending along a vari- 
able length of the nucleus (Quicke et al. 

1992; Newman and Quicke 1999b; Quicke 

et al. 1992; Newman and Quicke 1998; 

Quicke et al. 1992; Lino-Neto et al. 1999, 

2000a; Lino-Neto and Dolder 2001b). Also, 

in some of these, the extra-cellular sheath 

gives rise to innumerable filaments, prob- 
ably representing a well developed gly- 
cocalix (Lino-Neto et al. 1999, 2000a; Lino- 

Neto and Dolder 2001b). 

In P. droryana, the nucleus is long, dense 
and usually appears homogeneously com- 
pacted. These characteristics are highly 
conserved in Hymenoptera, and the vari- 

ations observed have been in length and 

in the fact that this structure may be linear 

(ex. Quicke et al. 1992; Jamieson et al. 

1999: Wheeler et al. 1990; Lino-Neto et al. 

2000b), or twisted in a spiral, as in Chal- 

cidoidea (Lee and Wilkes 1965; Hogge and 
King 1975; Quicke et al. 1992; Lino-Neto 

et al. 1999, 2000a, 2000b; Lino-Neto and 

Dolder 2001b), Scelionidae (Lino-Neto and 

Dolder 2001a) and Diapriidae (Quicke, 

personal communication). The nucleus of 
P. droryana ends in a short cone, next to 

the anterior tip of the large mitochondrial 
derivative, and terminating in contact 

with the centriolar adjunct and axoneme. 

In Apis mellifera, the final nuclear projec- 
tion is considerably longer and inserted in 

the axoneme, so that in cross section the 

nucleus is found surrounding the tips of 

the centriolar microtubules (Peng et al. 

1993; Lino-Neto et al. 2000b). In the ma- 

jority of the Hymenoptera, the nucleus is 
not tapered posteriorly but instead is 

abruptly truncated (Quicke et al. 1992; 
Newman and Quicke 1999a; Newman and 

Quicke 1999b; Quicke et al. 1992; Wheeler 

et al. 1990; Lino-Neto et al. 1999, 2000a; 

Lino-Neto and Dolder 2001b). 

The centriolar adjunct of P. droryana is 
a well developed structure located par- 
allel to the axoneme and between the nu- 

cleus and the smaller mitochondrial de- 

rivative. This arrangement has also been 

found in some Symphyta (Newman and 
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Quicke 1999a), Cynipoidea (Newman and 

Quicke 1999b), Ichneumonoidea (Quicke 

et al. 1998) and in A. mellifera (Lino-Neto 
et al. 2000b). However, in the Ichneumo- 

noidea this structure is comparatively 

short (Quicke et al. 1998) while in A. mel- 

lifera, it is extremely long, tapered ante- 

riorly, widening into a thick rod posteri- 
orly (Lino-Neto et al. 2000b). In the sym- 

phytan Tremex sp. (Newman and Quicke 
1999a) and in the Formicidae (Wheeler et 

al. 1990), the centriolar adjunct lies be- 

tween the nucleus and both mitochondri- 

al derivatives. On the other hand, in 

Chalcidoidea (Lino-Neto et al. 1999, 

2000a; Lino-Neto and Dolder 2001b) the 

centriolar adjunct is located laterally to 
the final portion of the nucleus, sur- 

rounding the nuclear-flagellum transition 

and extending parallel to the axoneme for 
a short distance, above the insertion of 

both mitochondrial derivatives. Contrary 

to the majority of these insects, no cen- 
triolar adjunct was encountered in Sce- 

lionidae (Lino-Neto and Dolder 2001a). 

The great variation in shape and location 

of the centriolar adjunct, differing from 

that known for most insects (Jamieson 

1982) is probably the reason for the ear- 
lier misinterpretations of this element in 
various Hymenoptera (Cruz-H6fling et 
al. 1970; Quicke et al. 1992). 

The mitochondrial derivatives of P. 

droryana are asymmetric not only in length 
but also in diameter. As a rule, the deriv- 

atives are straight (ex. Quicke et al. 1992; 

Jamieson et al. 1999; Wheeler et al. 1990; 

Lino-Neto et al. 2000b), but in Chalcidoi- 

dea (Lee and Wilkes 1965; Hogge and 

King 1975; Quicke et al. 1992; Quicke 1997; 

Lino-Neto et al. 1999, 2000a, 2000b; Lino- 

Neto and Dolder 2001b), Scelionidae 

(Lino-Neto and Dolder 2001a) and Diapri- 
idae (Quicke, personal communication) 

they spiral around the axoneme. The larg- 
er mitochondrial derivative beginning 

next to the final projection of the nucleus 
was also observed in A. mellifera (Lino- 

Neto et al. 2000b) and in Cynipoidea 
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(Newman and Quicke 1999b). This is not 

the case of the majority of the Hymenop- 
tera, where the larger mitochondrial de- 
rivative abuts the nuclear base, not over- 

lapping it (ex. Quicke et al. 1992; Wheeler 

et al. 1990; Jamieson et al. 1999; Newman 

and Quicke 1999a). In Megalyroidea 
(Newman and Quicke 2000), Diapriidae 

(Quicke, personal communication) and 

Scelionidae (Lino-Neto and Dolder 2001a) 

the large mitochondial derivative projects 
parallel to the nucleus for a considerable 

distance, and in this latter family, only one 

large mitochondrion is observed (Lino- 

Neto and Dolder 2001a). In transverse sec- 

tions of the P. doryana flagellum, four dis- 
tinct regions make up the larger derivative 

while only three are found in the smaller 

one. The same organization was observed 
in A. mellifera (Lino-Neto et al. 2000b) al- 

though Cruz-Ho6fling et al. (1970), Lensky 

et al. (1979) and: Penge et al. (1992, 1993) 

have described the presence of paracrys- 

talline material also in the smaller deriv- 

ative. In the Formicidae the mitochondrial 

derivatives consist in three regions 

(Wheeler et al. 1990). However, the re- 

gions described in Formicidae are not 

analogous to those in the smaller deriva- 

tive of P. droryana. In Formicidae, there is 
a clear area, a well developed region of 
cristae and the paracrystalline material sit- 
uated in the mitochondrion’s first third, 

proximal to the axoneme (Wheeler et al. 

1990). Asymmetrical diameters of mito- 

chondrial derivatives are frequently 
found, occurring in the Symphyta (Quicke 

et al. 1992; Newman and Quicke 1999a), 

Cynipoidea (Quicke et al. 1992; Newman 
and Quicke 1999b), Megalyroidea (New- 
man and Quicke 2000) and Proctotrupo- 

idea (Quicke et al. 1992). However, bees 

are even more strongly asymmetrical 

(Cruz-H6fling et al. 1970; Hoage and Kes- 

sel 1968; Lensky et al. 1979; Peng et~al. 

1992, 1993; Lino-Neto et al. 2000b). On the 

other hand, some Hymenoptera have 
symmetrical mitochondrial derivatives as 

in Formicidae (Wheeler et al. 1990) and 
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Chalcidoidea (Lino-Neto et al. 1999, 

2000a). 

Plebeia droryana, as is common to most 
insects (Jamieson et al. 1999), has an axo- 

neme with the microtubules arranged par- 

allel to each other. This is not the case of 

Chalcidoidea (Lee and Wilkes 1965; Hog- 
ge and King 1975; Ouicke et al. 1992; 

Quicke 1997; Lino-Neto et al. 1999, 2000a, 

2000b; Lino-Neto and Dolder 2001b), Sce- 

lionidae (Lino-Neto and Dolder 2001a) 

and Diapriidae (Quicke, personal com- 

munication) where they follow a spiraling 

course. Also in P. droryana, the accessory 
microtubules are the last ones to terminate 

at the end of the axoneme. This character- 

istic is also observed in A. mellifera (Peng 
et al. 1993; Lino-Neto et al. 2000b) and in 

Formicidae (Wheeler et al. 1990), while in 

Chalcidoidea (Lino-Neto et al. 1999; Lino- 

Neto and Dolder 2000a, b) and Ichneu- 

monoidea (Braconidae) (Newman and 

Quicke 1998) the accessory tubules termi- 

nate first. Unfortunately, this characteristic 

has not been taken in consideration by 

most studies of hymenopteran spemato- 
zoa. We believe this could be a useful pa- 
rameter to help separate the Aculeata, or 
parasitic wasps, from other Hymenoptera. 

The triangularly shaped accessory bod- 
ies, as found in transverse sections of P. 

droryana, are encountered in most Hyme- 

noptera (Quicke et al. 1992; Jamieson et al. 

1999; Wheeler et al. 1990; Lino-Neto et al. 

2000b). They may be considerably reduced 
in Chalcidoidea (Lino-Neto et al. 1999, 

2000a; Lino-Neto and Dolder 2001b) and 

in the Scelionidae (Lino-Neto and Dolder 

2001a) so that, in some cases, they are dif- 

ficult to identify. The function of this 

structure has not been clearly established 

but they appear to be involved in the at- 

tachment of the mitochondrial derivatives 

on to the axoneme, since they do not occur 

between the centriolar adjunct and the ax- 
oneme. 

In P. droryana a small central structure 

was identified between both the mito- 

chondrial derivatives and the axoneme 
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(see asterisk in Figs. 18 and 19). This struc- 
ture was initially described in Formicidae 
(Wheeler et al. 1990), but it is possible that 

it is present in the majority of Hymenop- 

tera (Lino-Neto et al. 2000b). 

Based on the characteristics compared 
above, the spermatozoa of this bee are, for 

the most part, similar to the majority of 
the Hymenoptera (Jamieson et al. 1999). 

Some distinct differences stand out. For 

example: (1) the arrangement of sperma- 

tozoa in spermatodesmata in the seminal 

vesicle, (2) the presence of a very long cen- 

triolar adjunct between the nucleus and 

the smaller mitochondrial derivative and 

(3) the presence of abundant paracrystal- 

line material, exclusively in the large mi- 

tochondrial derivative. 

The identification of these characteris- 

tics and other more subtle ones suggest 
that the sperm cell can furnish a character 
matrix for Hymenoptera that will be use- 
ful for future phylogenetic studies. 

ACKNOWLEDGMENTS 

The authors would like to thank Professor Dr. Lu- 

cio Antonio de Oliveira Campos (DBG/UFV) for sup- 

plying the insects. This research was supported by 

the Brazilian Agencies CNPq and FAPESP. 

LITERATURE CITED 

Baccetti, B. 1972. Insect Sperm Cell. Advanced Insect 

Physiology 9: 315-397. 

Camargo, J. M. F. and S. R. M. Pedro. 1992a. System- 

atics, phylogeny and biogeography of the Meli- 

poninae (Hymenoptera, Apidae) a mini review. 

Apidologie 23: 1-32. 

Camargo, J. M. F. and S. R. M. Pedro. 1992b. Siste- 

matica de Meliponinae (Hymenoptera: Apidae): 

sobre a polaridade e significado de alguns car- 

acteres morfologicos. In: C. Cruz-Landim and J. 

Chaud-Neto, Anais do Encontro Brasileiro de Biol- 

ogia de Abelhas e outros Insetos Sociais. Ed. UNESP. 
Sao Paulo. Pp. 45-49 

Cameron, S. A. 1991. A new tribal phylogeny of the 

Apidae inferred from mitochondrial DNA se- 

quences. In: D. R. Smith (ed.). Diversity in the ge- 

nus Apis. Westview Press, Bouder, Colorado, pp. 

71-78 
Cameron, S. A. 1993. Multiple origins of advanced 

eusociality in bees inferred from mitochondrial 

DNA sequences. Proceedings of the National Acad- 

269 

emy Science of United States of America 90: 8687— 

8691. . 
Cameron, S. A., J. N. Derr, A. D. Austin, J. B. Woolley 

and R. A. Wharton. 1992. The application of nu- 

cleotides sequence data to phylogeny of the Hy- 

menoptera: A review. Journal of Hymenoptera Re- 

search 1: 63-79 

G. Profili, J. Kathirithamby, and M. 

Mazzini. 1995. Sperm ultrastructure of Xenos ves- 

Carcupino, M., 

parum (Rossi) and its significance in the taxono- 

my and phylogeny of Strepsiptera (Insecta). Mé- 

moires duo Muséum National d’Histoire Naturelle 

166: 291-296. 

Crosier, R. H. and P. Pamilo. 1996. Evolution of Insect 

Colonies: Sex Allocation and King Selection. Oxford 

University Press: 1-28. 

Cruz-Ho6fling, M. A., C. Cruz-Landim and E. W. Ki- 

tajima. 1970. The fine structure of spermatozoa 

from the honey bee. Anais da Academia Brasileira 

de Ciéncia 42: 69-78. 

Cruz-Landim, C. and D. Beig. 1980. An electron mi- 

croscopic study of spermatogenesis in the drone 

of Scaptotrigona postica (Hymenoptera: Apidae). 

Intenational Journal of Invertebrate Reproduction 2: 

271-283. 

Cruz-Landim, C. and R. L. M. Silva de Moraes. 1980. 

Observations on the mitochondrial complex and 

head differentiation during spermiogenesis of 

the stingless bee Melipona quadrifaciata anthidioi- 

des Lep. Cytobios 27: 167-175. 

Cruz-Landim, C., D. Beig and R. L. M. Silva de Mo- 

raes. 1980. Process of differentiation during sper- 

matogenesis in bees (Hymenoptera, Apidae). 

Caryologia 33 (1): 1-15. 

Dallai, R. 1979. An overview of atypical spermatozoa 

in insects. In: The Spermatozoon, (eds.). W. Faw- 

cett and J.M. Bedford: 253-256. Urban and 

Schwarzenberg, Baltimore. 

Dallai, R. and B. A. Afzelius. 1990. Microtubular di- 

versity in insect spermatozoa: results obtained 

with a new fixative. Journal of Structural Biology 

103: 164-179. 

Dallai, R. and B. A. Afzelius. 1995. Phylogeny signif- 

icance of axonemal ultrastructrure: examples 

from Diptera and Trichoptera. Mémoires du Mu- 

séum National d'Histoire Naturelle 166: 301-310. 

Hoage, T. R. and R. G. Kessel. 1968. An electron mi- 

croscope study of the process of differentiation 

during spermatogenesis in the drone honey bee 

(Apis mellifera L.) with special reference to cen- 

triole replication and elimination. Journal of Ul- 

trastructure Research 24: 6-32. 

Hogge, M. A. F. and P. E. King. 1975. The ultrastruc- 

ture of spermatogenesis in Nasomia vitripennis 

(Walker) (Hymenoptera: Pteromalidae). Journal 

Submicroscopic Cytology 7: 81-96. 

Jamieson, B. G. M. 1987. The Ultrastructure and Phy- 



270 

logeny of Insect Spermatozoa. Cambridge Univer- 

sity Press, Cambridge, 320 pp. 

Jamieson, B. G. M., R. Dallai and B. A. Afzelius. 1999. 

Insects: Their Spermatozoa and Phylogeny. Scientific 

Publishers, Enfield, New Hampshire, USA, 555 

PP- 
Lee, P. E. and A. Wilkes. 1965. Polymorphic sper- 

matozoa in the hymenopterous wasp Dalilbomu- 

nus. Science 147: 1445-1446 

Lensky, Y., E. Ben-David and H. Schindler. 1979. Ul- 

trastructure of the spermatozoan of the mature 

drone honey bee. Journal of Apiculture Research 18: 

264-271. 

Lino-Neto, J.,S. N. Bao and H. Dolder. 1999. Structure 

and ultrastructure of the spermatozoa of Beplira- 

telloides pomorum (Fabricius) (Hymenoptera: Eur- 

ytomidae). International Journal of Insect Morphol- 

ogy and Embryology 28: 253-259. 

Lino-Neto, J., S. N. Bao and H. Dolder. 2000a. Struc- 

ture and ultrastructure of the spermatozoa of Tri- 

chogramma pretiosum Riley and Trichogramma ato- 

povirilia Oatman and Platner (Hymenoptera: Tri- 

chogrammatidae). Acta Zoologica (Stockholm) 81: 

205-211. 

Lino-Neto, J., S. N. Bao and H. Dolder. 2000b. Sperm 

ultrastructure of the honey bee (Apis mellifera) (L) 

(Hymenoptera, Apidae) with emphasis on the 

nucleus-flagellum transition region. Tissue and 

Cell, 27 022-027, 

Lino-Neto, J. and H. Dolder. 2001a. Ultrastructural 

characteristics of the spermatozoa of Scelionidae 

(Hymenoptera; Platygastroidea) with phyloge- 

netic considerations. Zoologica Scripta 30 (2): 89- 

96. 

Lino-Neto, J. and H. Dolder. 2001b. Redescription of 

sperm structure and ultrastructure of Trichogram- 

ma dendrolimi (Hymenoptera: Chalcidoidea: Tri- 

chogrammatidae). Acta Zoologica 82 (2): 159-164. 

Newman, T. M. and D. L. J. Quicke. 1998. Sperm de- 

velopment in the imaginal testes of Aleiodes cox- 

alis (Hymenoptera: Braconidae: Rogadinae). Jour- 

nal of Hymenoptera Research 7: 25-37. 

Newman, T. M. and D. L. J. Quicke. 1999a. Ultrastruc- 

ture of imaginal spermatozoa of sawflies (Hy- 

JOURNAL OF HYMENOPTERA RESEARCH 

menoptera: Symphyta). Journal of Hymenoptera 

Research, 8: 35-47. 

Newman, T. M. and D. L. J. Quicke. 1999b. Ultra- 

structure of spermatozoa in Leptopilia (Hymenop- 

tera: Cynipoidea: Eucoilidae). Journal of Hyme- 

noptera Research 8: 197-203. 

Peng, C. ¥. S.C. M. Yin and lL. R.S. Yim. 1992. Effect 

of rapid freezing and thawing on cellular integ- 

rity of honey bee sperm. Plrysiological Entomology 
17: 269-276. 

Peng, C. Y. S., C. M. Yin and L. R. S. Yin.-1993. Ul- 

trastructure of honey bee, Apis mellifera sperm 
with special emphasis on the acrosomal complex 
following high-pressure freezing fixation. Physi- 

ological Entomology 18: 93-101. 

Phillips, D. M. 1970. Insect sperm: structure and mor- 
phogenesis. Journal of Cell Biology 44: 243-277. 

Quicke, D. L. J. 1997. Parasitic Wasps. Chapman and 
Hall, London, 470 pp. 

Quicke, D. L. J., S. N. Ingram, H. S. Baillie and P. V. 

Gaitens. 1992. Sperm structure and ultrastructure 
in the Hymenoptera (Insecta). Zoologica Scripta 

21: 381-402. 
Roig-Alsina, A. and C. D. Michener. 1993. Studies of 

the phylogeny and classification of long-tongued 

bees (Hymenoptera: Apoidea). The University of 
Kansas Science Bulletin, 55: 123-162. 

Ronquist, F., A. P. Rasnitsyn, A. Roy, K. Eriksson and 

M. Lindgren. 1999. Phylogeny of the Hymenop- 

tera: A cladistic reanalysis of Rasnitsyn’s (1988) 

data. Zoologica Scripta 28: 13-50. 
Rothschild, L. 1955. The spermatozoa of the honey 

bee. Transactions of the Royal Entomological Society 

of London. 107: 289-294. 

Woyke, J. 1984. Ultrastructure of single and multiple 
diploid honey bee spermatozoa. Journal of Hy- 

menoptera Research 23: 123-135. 

Wheeler, D. E., E. D. Crichton and P. H. Krutzsch. 
1990. Comparative ultrastructure of ant sperma- 
tozoa (Formicidae: Hymenoptera). Journal of Mor- 

phology 206: 343-350. 

Whitfield, J. B., S. A. Cameron. 1998. Hierarchical 

analysis of variation in the mitochondrial 16S 
rRNA gene among Hymenoptera. Molecular Bi- 
ology and Evolution 15: 1728-1743. 



J. HYM. RES. 
Vol. 10(2), 2001, pp. 271-279 

Seed-feeding Species of Megastigmus (Hymenoptera: Torymidae) 
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Abstract.—Four species of Megastigmus Dalman have been reported as phytophagous in seeds 

of the plant family Anacardiaceae: M. pistaciae Walker, M. rhusi (Hussey), M. thomseni (Hussey), 

and M. transvaalensis (Hussey). All are Old World in origin. In this paper we summarize known 

host and distribution data for each species, place Megastigmus rhusi as a junior subjective synonym 

of Megastigmus transvaalensis, diagnose and illustrate all species, and provide a key to aid in the 
identification of females and, to some extent, males. Known host-plant genera are: Pistacia L., Rhus 

L., Schinus L., Ozoroa Delile, and Lannea A. Richard. Megastigmus pistaciae and M. transvaalensis 

have been accidentally introduced into the New World. The former has long been established in 
California and is reported for the first time from Mexico; the latter is widely established, through 

host-shifting, in the states of Hawaii, California, Florida, and in Brazil and Argentina. 

The genus Megastigmus Dalman is rep- 
resented by 126 described species known 
from all geographic areas (Grissell 1999, 

Grissell and Heydon 1999) except possibly 
South America, where the only reported 
species appears to have been introduced 
(Perioto 1999, Grissell and Hobbs 2000). 

Species are most abundant in the Holarctic 
and Australian Regions. About one-third 
of Megastigmus species are phytophagous 
in seeds of 11 plant families, about one- 
third are parasitoids (or inquilines) of gall- 
forming insects in the fruits, leaves, and 
stems of plants, and about one-third have 

no known hosts (Grissell 1999). 

Our paper focuses on a group of Megas- 
tigmus species associated with the plant 
family Anacardiaceae. Although the fam- 
ily occurs worldwide, only four species of 

Megastigmus have been reported from its 
seeds, and these all appear to be indige- 
nous to Africa, the Middle East, and the 
Mediterranean region. Introductions of 
two of these species have been reported 
for the New World: M. pistaciae Walker, 

introduced into California (see species sec- 
tion below), and M. transvaalensis (Hus- 

sey), found in the states of Hawaii, Cali- 

fornia, Florida, and recently in Brazil and 
Argentina (see species section below). 

Of the Megastigmus species attacking 
Anacardiaceae, three have been recog- 

nized based as much upon their host pref- 
erence as upon their morphological dis- 
tinctness: Megastigmus pistaciae reared 

from species of Pistacia L., Megastigmus 
rhusi (Hussey) reared from species of Riis 
L., and Megastigmus transvaalensis reared 

from species of Schinus L., a South Amer- 

ican tree introduced into Africa. The 

fourth species, Megastigmus thomseni (Hus- 

sey), was reared from a questionable host 

(now confirmed as Ozoroa Delile, see dis- 

cussion under fthomseni) and has been 

known only from the type series since its 
description. With only one published ex- 

ception, whenever a species of Megastig- 
mus has been identified from Pistacia, 
Rhus, or Schinus, the name given is always 
the one historically associated with the 



host plant. The exception was published 
by Furth (1985:166) who reported Megas- 
tigmus pistaciae as the “’... main pest of R. 

[Rhus] tripartita [((Ucria) DC)] fruits’’ and 

considered it to be an ‘oliphagous [sic]’’ 
wasp based on the previous Old World 
host records from Pistacia spp. (Davatchi 
1958, Romanenko 1972). Furth’s speci- 

mens now reside in the National Museum 

of Natural History (Washington, DC) and, 

based on morphological criteria devel- 

oped in our studies, they are not M. pis- 
taciae but are M. transvaalensis as explained 

below. 

In this paper we discuss all species of 
Megastigmus associated with seeds of An- 
acardiaceae, summarize all distribution 

and host data, and present a key. Our re- 
view is based on comprehensive new data 

for hosts and distributions based upon ex- 
tensive surveys undertaken by both au- 
thors in South Africa. Additonal Old 

World material was collected by Simon 

van Noort in Western Cape Province, 

South Africa, and Alain Roques in the 

Mediterranean Region). Extensive New 
World data have been provided by the 
sampling of Stephen Hight (USDA, Forest 

Service, Volcano, Hawaii), Greg Wheeler 

(USDA, Agricultural Research Service, Ft. 
Lauderdale, Florida), and their colleagues, 

as well as Richard Rice (University of Cal- 

ifornia, Parlier, California). The material 

examined, in excess of 5000 specimens, is 
housed in the National Collection of In- 

sects, PPRI, Pretoria; the South African 

Museum, Cape Town; and the National 

Museum of Natural History, Washington, 
Be Ge 

Special mention should be made con- 

cerning males of Megastigmus species as- 

sociated with Anacardiaceae. In M. pista- 
clae and M. transvaalensis males are ex- 

tremely variable in appearance (few males 

of M. thomseni are known). Small individ- 

uals are yellow with no modifications of 

the stigma (Fig. 1) relative to females. 
Large males, however, have the head, 

lower mesosoma, and metasoma mostly 
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Figs. 1=3. 

male, showing variation. 1, Smallest specimens (all 

yellow). 2, Intermediate specimens (yellow with some 

black). 3, Largest specimens (black with some yel- 

low). 

Megastigmus transvaalensis, stigmal area, 

black with yellow markings, the stigma is 
enlarged, and it is surrounded by a stig- 
mal cloud (Fig 3). If the two extremes 

found within males of both M. pistaciae 
and M. transvaalensis (and presumably 
thomsent) were distinct they might repre- 
sent dimorphic male forms, however they 

are bridged by intermediate forms (Fig. 2). 
The condition does not seem to be poly- 
morphic, as there is a gradual cline be- 

tween extremes. Although some wing 
characters help distinguish females re- 
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Fig. 4. Distribution of Megastigmus transvaalensis in South Africa. Symbols indicate plant host genus from 

which specimens were reared or collected. 

gardless of size, they do not work for 

males. Small yellow males have slightly 
more setae on the wings than females, but 

larger black males are considerably more 
setose than even the small yellow males. 

In general, males of all species are rela- 

tively uncommon compared to females. 

At first glance the large black males 

would seem to bear no relationship to 

their conspecific females. That they are 

conspecific is provided by three lines of 
evidence. Extremes of males may be found 
in rearings from the same host, locality, 

and time for both M. transvaalensis and M. 

pistaciae. In the field we have seen small 
yellow males of M. transvaalensis mating 
with females only to have larger black 

males chase them away and initiate mat- 

ing themselves. In addition, DNA analysis 

shows no differentiation within male phe- 
notypes of M. transvaalensis and females 

(Scheffer and Grissell in preparation). 

Megastigmus transvaalensis (Hussey) 
(ries, 1=3,4-/) 

Eumegastigmus transvaalensis Hussey 1956:161— 

162 (Figs. 1g,h, 4). Holotype female, Pretoria, 

Transvaal, South Africa (The Natural History 

Museum, London, examined); 5 female, 8 

male paratypes, same data as holotype (The 

Natural History Museum, London; ““Hussey 

private collection”), reared from seeds of 

Schinus imolle L. 

Eumegastigmus rhusi Hussey 1956:161 (Figs. lef, 

3). Holotype female, Bloemfontein, Orange 

Free State, South Africa (The Natural History 

Museum, London, examined); 2 female, 4 

male paratypes, same data as holotype (The 

Natural History Museum, London; ‘Hussey 
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Figs. 5-11. Megastigmus species, female. 5, 8, 10, Forewing setation on dorsal surface, except costal cell shows 

ventral setae only. 6, 7, 9, 11, Heads, anterior view. 



VOLUME 10, NUMBER 2, 2001 

private collection’), reared from seeds of 
Rhus lancea L. New synonymy. 

Megastigmus  transvaalensis: Bouéek 1978:129. 
New combination from Eumegastigmus. SHOES 

Megastigmus rhusi: Bouéek 1978:129. New com- 

bination from Eumegastigmus. 

Diagnostic Characters.—In both sexes of 

M. transvaalensis the face (Fig. 6, 7) is nar- 

rowed and at most as wide as high (to 

slightly higher than wide); the least inter- 

ocular distance is greater than the scape 
length (excluding radicle); and the eye 
height is subequal to or greater than the 
least interocular distance. In some individ- 

uals the face is remarkably narrowed (Fig. 

6) accompanied by a similar lateral com- 
pression of the body. In females (but not 
males) the costal cell ventrally has at most 

a longitudinal row of setae in its apical 
third to half (Fig. 5; these setae are some- 
times broken off and the costal cell may 

appear asetose); the upper surface of the 
costal cell is bare even at its apical margin; 

the basal cell has no setae either medially 

or along its posterior margin (i.e., the cu- 

bital setal line) (Fig. 5). The admarginal 

area of the forewing has setae extending 

as far (or nearly) as the stigmal vein (Fig. 

5). Females range from about 2 to 3 mm 

in body length (without ovipositor). 
Distribution.—In its natural range (based 

on association with Ris), M. transvaalen- 

sis is common throughout South Africa 

(Fig. 4) and has also been found in single 

collections from Zimbabwe, Kenya, Israel, 

and Morocco. 

Its putative areas of introduction (based 

on association with Schinus) include Cali- 

fornia (first reported by Harper and Lock- 
wood 1961; reported also on introduced 

Rhus lancea by Grissell and Hobbs 2000), 
Florida (first report by Habeck et al. 1989), 
Hawaii (first report by Beardsley 1971 as 
Megastigmus sp.), Brazil (first report by 
Perioto 1999, as Megastigmus sp.), Argen- 
tina (S. Hight, pers. comm.), Réunion (Ha- 

beck et al. 1989), Canary Islands (Grissell 

1979), and Mauritius (specimens in Na- 

tional Collection of Insects, PPRI, Preto- 
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ria). We have seen specimens from all 

these locations. 

Hosts.—-The hosts of Megastigmus trans- 

vaalensis are now known to include spe- 
cies of Rhus and Schinus, though the latter 

is a result of host shifting (Grissell and 

Hobbs 2000). Prior to our study, M. trans- 
vaalensis (as M. rhusi) was reported only 

from Rhus lancea (Hussey 1956). As a re- 

sult of our studies, M. transvaalensis is now 

known to be reared from seeds of R. an- 

gustifolia L., R. dentata Thunb., R. discolor 

E. Mey. ex Sond., R. laevigata laevigata L., 

R. laevigata villosa (L.) R. Fernandes, R. lu- 

cida L., R. magalismontana Sond., and R. 

zeyheri Sond. (all South African in distri- 

bution); R. vulgaris Meikle and R. natalen- 

sis Bernh. ex Kraus (Kenya); and R. tripar- 

tita (Ucria) DC (Morocco, Israel). Addi- 

tionally, adult M. transvaalensis were col- 

lected on the following Riis species, 
which may be host plants as well: R. clir- 

indensis Bak. (seeds were collected for 

rearing, but no wasps emerged), R. erosa 

Thunb., R. pyroides Burch., and R. rehman- 

niana glabrata R. & A. Fernandes and R. 
pendulina Jacq. growing together (seeds of 
the former were collected for rearing, but 
no wasps emerged; the latter was in 

bloom only). 

Megastigmus transvaalensis has also been 
reared from seeds of Sc/tinus molle and S. 

terebinthifolius Raddi, though these are 

non-native hosts. 

Discussion.—In the past any specimen 
reared from Schinus seed was considered 

to be M. transvaalensis and any from Rhus 

seed was considered to be M. rhusi. A re- 

cent paper by Grissell and Hobbs (2000) 

presented the reasons for considering both 

to be conspecific and additional molecular 

analysis (Scheffer and Grissell, in prepa- 

ration) has confirmed this to be the case. 

Neither paper presented formal nomen- 
clatural decisions, and in the current pa- 

per we formally place M. rhusi as a junior 

subjective synonym of M. transvaalensis. 

We choose the name transvaalensis because 
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it is the only name that has appeared in 
the literature since its publication. 

A single population was found in Ken- 
ya (collected by R. Copeland, specimens in 

USNM and Texas A & M University) in 

which all individuals (n = 90) appear to 
be extremely laterally compressed and the 
head appears as in Figure 7 as compared 
to the typical head as in Figure 6. Within 
many other populations examined, similar 

appearing individuals were seen, but not 
the entire population. It is possible that 
the compressed condition is related to 
host seed morphology, or that a second 
species is present. So far, DNA studies of 
the two forms have proven inconclusive. 

Megastigmus transvaalensis is believed to 
have been introduced into California 
along with its native host plant, R/ius lan- 
cea, and thereupon switched to introduced 

ornamental trees of the genus Sc/iinus 
(Grissell and Hobbs 2000). Its presence in 
Hawaii, Florida, Brazil, and Argentina is 

presently under study by EEG and col- 
leagues who are attempting to trace its 
pattern of geographic movement (Scheffer 
and Grissell, in preparation). 

Megastigmus pistaciae Walker 
(Figs. 8, 9) 

“Megastigmus pistaciae Haliday”’: Walker 1869: 

313. [Nomen nudum] 

Megastigmus pistaciae Walker 1871:35. Syntype 

females, “S. France’ and ‘’Tuscany” (The 

Natural History Museum, London, exam- 

ined), taken on ‘‘Pistacia lentiscus [L.] and on 

P. terebinthus [L.].”’ 

Trogocarpus ballestrerii Rondani 1877:204—205 

(Figs. 109-114). Lectotype female (designated 

by Bouc’cek 1974:245), Italy (La Specola, 

Florence), reared from seeds of Pistacia vera 

L. [Synonymized by Masi 1934:210.] 

Diagnosis.—In both sexes of M. pistaciae 
the face is transverse, being wider than 

high, and the least interocular width is 
less than the eye height (Fig. 9). In females 
(but not males) the costal cell has 3 or 4 

ventral rows of short setae in its apical 
half or more (Fig. 8); the cubital setal line 
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has at least a few setae along the posterior 
margin of the basal cell (Fig. 8); and the 

admarginal area has setae reaching to the 

stigmal vein. This is the largest species of 
Megastigmus associated with Anacardi- 

aceae, with females reaching 3.5 mm to 5 
mm in body length (without ovipositor). 

Distribution.—This species is endemic to 

the Old World, with a known distribution 

in coastal Mediterranean areas (Boucéek 

1977) from Italy and Greece where it ex- 

tends into Iran (Roques and Skrzypczyn- 
ska in preparation), the Crimea, Transcau- 

casia, and Turkmenia (Boucek 1977). It has 

been introduced into the United States 

where it occurs in California (Robinson 

1968), and we have seen specimens from 

Saltillo, Coahuila, Mexico (ex Pistacia sp.), 

which represent the first records for that 

country. We have seen one specimen in- 

tercepted at an American port of entry 

from Australia (Pistacia chinensis Bunge) in 

1970 (National Museum of Natural His- 

tory, Washington, DC). If the data are au- 

thentic, this is the only report of the spe- 

cies from Australia. 

Hosts.—Megastigmus pistaciae is confined 

to seeds of species of the genus Pistacia. 
The following hosts have been reported 
for the natural range of M. pistaciae (only 
first report of hosts are cited): Pistacia vera 

and P. terebinthus (De Stefani 1917), P. mu- 

tica Fisch. & C. A. Mey [now = P. atlantica 

mutica (Fisch. & C. A. Mey) Rech. F.] (Ni- 

kol’skaya 1935), and P. atlantica Desf. 

(Davatchi 1958). In its introduced range 

(California), M. pistaciae has been reported 

attacking the following species of Pistacia: 
P. chinensis Bunge, P. integerrima J. Stewart 

[now = P. chinensis integerrima (J. Stewart) 

Rech. F.], P. atlantica, P. lentiscus, P. vera 

‘Kerman’ (commercial cultivar), and a hy- 

brid between P. atlantica and P. vera (Rice 

and Michailides 1988). 

Furth (1985) reported this species in as- 
sociation with rearings from Rhus tripartita 

(in Israel), but based on an examination of 

voucher specimens in the National Muse- 
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um of Natural History, Washington, DC, 

these specimens are M. transvaalensis. 

Biology.—The biology of this species (as 

ballestrerii) was discussed by De Stefani 

(1908, 1917). In Italy, eggs were deposited 
in June and July. Larvae were mature by 

September and overwintered until May 

when they pupated and emerged. Gener- 
ally there was only a single generation per 

year, but occasionally a few of the larvae 

pupated in August and September. At this 

time most of the host seeds were too hard 

for oviposition, but a few soft young fruits 

could be found and two generations per 
year occurred. Similar findings were made 

in Greece (Agnostopoulos 1938, as balles- 
trerii), Tunisia (Jarraya and Bernard 1971), 

and California (Rice and Michailides 

1988). Zerova and Seryogina (1994) illus- 
trated the damaged seed. Males of this 
species are reportedly uncommon, rang- 
ing only up to about 4% (Rice and Mi- 

chailides 1988). Additional observations 

for this species in California are given by 

Vettel and Harper (1969), Wiard (1969), 

and Rice and Jones (1996). 

Parasitoids—Two eurytomids, Sycophila 
biguttata (Swederus) and Eurytoma rosae 

Nees, have been reported as parasites of 
M. pistaciae (Davatchi 1958) in its endemic 
range. 

Discussion.—Walker (1869) created a no- 

men nudum when he published the name 

“Megastigmus pistaciae Haliday.’”” Haliday 
neither used the name nor described the 

species. Walker (1871) eventually de- 
scribed the species. Boucek (1974) dis- 

cussed the types of ballestrerii and the 

question of synonymy, which might be at- 
tributed either to Masi (1934) by implica- 

tion or directly to Nikol’skaya (1935:83). 
Nikol’skaya (1935) redescribed and _ illus- 

trated the female (as pistaciae) as did Zer- 
ova and Seryogina (1994) and Roques and 

Skrzypcezynska (in preparation). 

Megastigmus thomseni (Hussey) 
(Figs. 10, 11) 

Eumegastigmus thomseni Hussey 1956:159-161 

(Figs. 1c,d). Holotype female, Wolhuitensen- 
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skop (misspelling for Wolhuterskop), Trans- 

vaal, South Africa (The Natural History Mu- 

seum, London, examined); 4 female, 2 male 

paratypes same data as holotype (The Nat- 

ural History Museum, London; “Hussey pri- 

vate collection’). 

Megastigmus thomseni: Bouéek 1978:129. New 

combination from Eumegastigmus. 

Diagnosis.—In both sexes of M. thomseni 
the face is transverse, being wider than 

high, and the least interocular width (Fig. 

11) is greater than the eye height. In fe- 
males (but not males) the costal cell ven- 

trally has at most a median row of setae 

in its apical third to half (Fig. 10; some- 
times these setae are broken off and the 

costal cell appears asetose); the cubital se- 
tal line has no setae along the posterior 
margin of the basal cell (Fig. 10); and the 

area proximal (inner) to the stigma and 

the admarginal area are essentially aseto- 
se. Females of this species range from 3 to 
4 mm in body length (excluding oviposi- 

tor). 

Distribution.—Apart from the type lo- 

cality, this species is also reported here 

from the following South African locali- 

ties: Rustenburg and Broederstroom 

(North-West Province), Pretoria (Gauteng 

Province), Thabazimbi (Northern Prov- 

ince), Lake St. Lucia (Kwazulu-Natal 

Province, and Richtersveld (Northern 

Cape Province). It also has been collected 
from a single locality in Kenya (Coast 
Province, El Nino road to Mica Creek, 

May 13, 1999, R. Copeland). 
Hosts.—The types were reared from 

seeds of ‘‘witharpuisbos”, a common 
name that Hussey suggested might refer 
to Heeria sp. Based on our knowledge of 
indigenous species, the common name ac- 
tually applies to Ozoroa paniculosa (Sond.) 

R. and A. Fernandes, from which thomseni 

has subsequently been reared. This should 
be considered the correct host. We also 

have seen specimens reared from O2zoroa 

obovata (Oliv.) R. & A. Fernandes, O. pan- 

iculosa, and Lannea discolor (Sond.) Engl. 

Discussion.—Bouéek (1978:129) trans- 
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ferred this species to the genus Megastig- 
mus. It has remained unknown since its 
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description, and its host is herein positive- 
ly identified for the first time. 

KEY TO SPECIES OF MEGASTIGMUS ATTACKING SEEDS OF ANACARDIACEAE 

Females and males: Face transverse, wider than high; eye height slightly to much less than least 

iINterOCcH arcistance: (Hes, MAN a eek. oe tind to ea ee he Oaldlns Boule eae NE ee ig ee 2 

Females and males: Face about as high as wide; eye height equal to, or greater than, least 

interOc Ulam distance (Pipe nOns )ia gies ae dee oa a gin Sate oo ee transvaalensis (Hussey) 

Female: Forewing with costal cell ventrally with at most a single row of setae in apical 1/2 
midway between front edge and submarginal vein (Fig. 10); admarginal area asetose (Fig. 10); 

basal cell, basal vein, and cubital setal line at most with 3 or 4 setae; only last segment of club 

with ventral micropilose area. (Small yellow males same for basal cell and area; large black 

males not yet known for this species) thomseni (Hussey) 
Female: Forewing with costal cell ventrally with 3 or 4 rows of setae in apical 1/2 to 2/3 (Fig. 
8); admarginal area with several setae extending as far (or nearly) as stigmal vein (Fig. 8); basal 

cell, basal vein, and cubital setal line with more than 5 setae; last 2 segments of club with 

ventral micropilose area. (Small yellow males as for female; large black male: costal cell ventrally 
densely setose, upper surface with setae in apical 1/3) 
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NOTE 

Polynema Haliday, 1833 (Insecta, Hymenoptera): Designation of 
Polynema flavipes Walker, 1846, as the Type Species 

JOHN T. HUBER AND Z. BOUCEK 

(JTH) Canadian Forest Service, Natural Resources Canada, c/o ECORC, K. W. Neatby Building, 
C. E. F., Ottawa, ON, K1A 0C6, Canada; (ZB) c/o Department of Entomology, The Natural 

History Museum, Cromwell Road, London, SW7 5BD, England 

Abstract.—Polynema flavipes Walker, 1846 (= P. ovulorum Haliday, 1833, misidentification of Ich- 

neumon ovulorum Linnaeus) is designated as type species of Polynema, a widespread genus of 

Mymaridae. 

For more than 50 years it has been 
known that the previously designated 
type species of the widespread genus Po- 
lynema (Mymaridae, Hymenoptera) need- 

ed to be fixed by the ICZN. This is done 
here, using the first of the five species 

originally included in Polynema by Hali- 
day, namely P. flavipes, but initially mis- 

identified by him as P. ovulorum Linnaeus, 

1758. 
The genus Polynema was briefly de- 

scribed by Haliday (1833: 269). In the sec- 

ond part of his paper (1833: 347-348) he 
included five species in his genus: [chneu- 
mon ovulorum Linnaeus and four new 

ones. The former species was quoted later 
by Westwood (1839: 78) in his “examples 

of species of the British genera” as a “‘typ- 

ical species” of the genus Polyneima, an ac- 
tion that was later generally understood as 
a formal designation of the type species of 

genera, as ruled in ICZN Opinion 71 
(1922). 

Soon after his proposal of Polynema, 

Haliday himself discovered that the Lin- 
nean species ovulorum could not belong to 

Polynema, not even to Mymaridae, because 
he (Haliday) had misidentified the species. 

At that time, Haliday passed many of his 
chalcidological notes on to Francis Walker 

who eventually published them, as 

proved by his statement (1846: 49) “The 

following descriptions are, excepting a 
few additions, extracted from MSS kindly 
given to me by Mr. Haliday.” It was there- 

fore Walker (1846: 52) who gave a new 

name, Polynema flavipes, to the species that 
Haliday had earlier misidentified, and 

added the comment “‘ovulorum olim; no- 

men errore ortum” [earlier ovulorum, the 

name used by mistake]. Despite this, how- 

ever, the error was repeated several times 

before 1960, lastly in the important work 

by Debauche (1948), who redescribed (pp. 
212-213) the species in question as Poly- 
nema ovulorum (L.). Debauche (1949: 6, 7) 

and Soyka (1956: 2, 3) further discussed 

the problem but without a satisfactory res- 

olution, and Soyka (1956: 76) redescribed 

what he thought was Polynema ovulorum, 

based on a specimen collected by him in 
Austria in 1944 that he incorrectly desig- 
nated as lectotype and genotype. 

Another slight confusion was due to 
Hincks (1950: 177) who also referred to the 

misidentification problem. Hincks stated 
that the genotype [of Polynema] is the 

same as Eutriche gracilis Nees, 1834 ( = 
ovulorum Haliday nec Linnaeus). This was 

accepted by Mathot (1968: 276), who also 
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referred to the problem. Graham (1973) 

found and examined one original female 

specimen of Eutriche gracilis Nees, labelled 

it as the lectotype, and showed that it is a 
species of Polynema not identical with P. 
flavipes Walker (ovulorum sensu Haliday). 

The type material of Ichneumon ovulorum 
could not be examined because it has been 

long lost, but the recent concensus is that 

it belonged to the present family Scelion- 
idae (superfamily Platygastroidea) (Bou- 

cek 1981: 18; Graham 1982: 228-229; John- 

son 1992: 605, and references therein). 

The identity of Polynema flavipes Walker, 
a replacement name for “‘ovulorum sensu 
Haliday, 1833’, was objectively defined by 
Hincks (1950: 181-183) who designated a 

lectotype (in the Haliday collection, Dub- 
lin) for the species. Graham (1982: 229) 

also examined the lectotype and = con- 
firmed that it belongs to the present valid 
genus Polynema Haliday. He suggested 
that the logical course would be to inval- 

idate Westwood’s designation of Ichneu- 
mon ovulorum Linnaeus as type species of 

Polynema and to designate Polynema flavti- 

pes Walker, 1846 ( = P. ovulorum Haliday, 

1833, misidentification of Ichneumon ovu- 

lorum Linnaeus) as type species of Poly- 
nema. We concur with Graham’s sugges- 

tion. Hence, under ICZN (1999) Article 

70.3.2 (4th edition, valid from Ist January, 

2000), we herewith fix Polynema_ flavipes 

Walker, 1846, misidentified as Polynema 

ovulorum (Linnaeus, 1758) by Haliday, 

1833, as type species of the genus Polyne- 
ma Haliday, 1833. 
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Reproductive Biology of Gryon obesum Masner 
(Hymenoptera: Scelionidae) 

L. E. EHuLer, L. B. MALLER, AND Y. HIROSE! 

Department of Entomology, University of California, One Shields Avenue, 
Davis, California 95616-8584, USA 

Abstract.—The reproductive biology of Gryon obesum Masner (Scelionidae) was investigated in 

the laboratory using eggs of Euschistus conspersus Uhler (Pentatomidae) as hosts. Females typically 

began ovipositing on the day of emergence and continued to oviposit for a mean of 40.7 days. 

Mean lifetime fecundity was 267 eggs/female. Mean daily fecundity was highest (~22 eggs/ 

female) on the first day. By days 10 and 17, a mean of ~50% and ~75% of the eggs had been 

deposited, respectively. Sex ratio of progeny was female biased during the first part of the ovi- 

positional period and male biased during the latter part. The post-ovipositional period was rela- 

tively short (mean of 5.6 days). Mean female longevity was 47.3 days when males and hosts were 

present, compared to 61.7 days for females that were deprived of males and host eggs. Because 

G. obesum has a shorter generation time and a greater lifetime fecundity than E. conspersus, it has 
great potential in augmentative biological control of this pest in crops such as processing tomato 

in northern California. 

Gryon obesum Masner is a New World MATERIALS AND METHODS 

scelionid that parasitizes the eggs of stink 

bugs (Pentatomidae) (Johnson 1992). In 

the United States, it occurs primarily in 

southern areas, from Florida to California, 

where it is typically associated with hosts 
in the genera Euschistus and Thyanta (Mas- 

ner 1983). In northern California, G. obes- 

um is commonly reared from eggs of E. 

conspersus Uhler (consperse stink bug) and , 
T. pallidovirens (Stal) (red-shouldered stink cream containers, supplied with 
bug) (Ehler 2000). However, its life history green-bean pods (Phaseolus vulgaris L.) 

is poorly known. In view of this, we ini- and raw sunflower seeds (Helianthus an- 

tiated laboratory investigations on G. obes- US L.), ane held in a rearing room at 

um, with particular emphasis on repro- 25°C and 16:8 (L:D) photoperiod. Contain- 

ductive biology and patch-use patterns. ers were lined with paper towel which 

The present paper is restricted to repro- served as an ovipositional substrate. Con- 

ductive biology, and its relevance to the tainers were inspected daily; newly de- 

use of G. obesum in augmentative biologi- 

cal control of E. conspersus on tomato in 

northern California. 

Laboratory cultures of E. conspersus and 
G. obesum were established from field-col- 

lected material from the immediate vicin- 

ity of Davis, CA (Yolo County). Adults of 

E. conspersus were collected from weedy 

hosts, and from cultivated crops such as 

tomato and dried bean. Male/female pairs 

were placed in individual 450-ml_ ice 

posited eggs were cut out of the paper 
towel and fresh food was added as re- 
quired. Egg masses were stored at 10°C for 

later use in assessing fecundity of G. obes- 
um (usually <3 days). The culture of G. 

| Present address: 349 Asano, Munakata 811-3415, 0besum was established from individuals 

Japan (E-mail: yhirose@h7.dion.ne.jp) reared from eges of southern green stink 
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Fig. 1. Mean (SEM) daily fecundity of G. obesum. 

bug, Nezara viridula (L.). This culture was 

maintained continuously on eggs of E. 
conspersus in a rearing room at 25°C and 
10:14 (L:D) photoperiod. 

Newly emerged male/female pairs (n = 
10) of G. obesum were confined to 450-ml 

ice cream containers. A plastic petri dish 
cover was placed over the top of the con- 
tainer; fresh honey was streaked across 
the inside of the lid. Dead males were re- 
placed as needed with males of unknown 
age from the colony. Host egg masses 
were glued to a strip of paper that was 
inserted through an opening in the side of 
the container. Egg masses were changed 
at 24 h intervals. Individual females were 
initially exposed to 3-4 host egg masses 
(~40 eggs) per day; this was reduced to a 
single egg mass (~14 eggs) when daily fe- 
cundity declined to <10 eggs/female. Fol- 
lowing exposure, egg masses were re- 
moved, placed in glass vials with cotton 
plugs, and held in the rearing room for 
parasitoid emergence. Daily oviposition 
rate was based on the total number of 
eggs parasitized, including those from 
which adults did not emerge. Sex ratio 
was determined for egg clutches in which 
all progeny (emerged and not emerged) 
could be accurately sexed. Voucher spec- 
imens of G. obesum are deposited in the 

Bohart Museum of Entomology at the 

University of California, Davis. 

RESULTS AND DISCUSSION 

The daily production of progeny by G. 
obesum is summarized in Fig. 1. Nine fe- 
males oviposited on day one, and the re- 
maining female commenced ovipositing 
on day two. Mean (SEM) daily fecundity 
was highest on day one (21.9 + 3.8 eggs/ 
female), ranged from 9.5 + 1.8 to 15.5 + 

4.3 eggs/female from day two through 
day 15, and gradually declined thereafter. 
Mean (SEM) lifetime fecundity was 267 + 
17.3. eggs/female. Of this total, ~25% 
were deposited by day 5, ~50% by day 10, 
and 75% by day 17. Mean (SEM) oviposi- 

tional and post-ovipositional periods were 
40.7 + 3.2 and 5.6 + 1.9 days, respectively. 
Mean (SEM) longevity of females was 47.3 

+ 1.9 days (n = 7) compared to 61.7 + 6.4 
days (n = 9) for females that were held 

under similar physical conditions but de- 
prived of males and host eggs (t = 1.914, 
df = 14, P = 0.076). 

Sex ratio of progeny was directly related 
to the age of the female (Fig. 2). It was 
strongly female-biased during the early 
stage of the ovipositional period, but grad- 

ually shifted to male-biased by the end of 
the ovipositional period. In the latter case, 
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Sex Ratio 

Days After Female Emergence 

Fig. 2. Relationship between secondary sex ratio 

(proportion males) of progeny and age of female in 

G. obesum. Regression/correlation statistics as fol- 
lows: Y = —0.05 + 0.026X, r? = 0.75, P = 0.0001. Only 

egg clutches in which all individuals could be accu- 

rately sexed are included; some points represent 

means of two or more clutches. 

ege clutches were typically <5 eggs/fe- 
male. This shift in sex ratio may have re- 

sulted from sperm depletion. However, as 

it was necessary to use males of unknown 

age in some cases, this hypothesis cannot 

be adequately tested here. 
Waage (1982) noted that maximum life- 

time fecundity of scelionids probably 
ranges from 50-150 eggs/female. Thus, 
lifetime fecundity for G. obesum (>250 

eggs/female) would appear to be excep- 
tionally high for a scelionid. It also is 

much greater than that of two Nearctic 

scelionids that commonly parasitize E. 

conspersus in northern California—i.e., 
~40 to ~80 eggs/female for Telenomus 

podisi Ashmead (Yeargan 1982, Orr and 
Boethel 1990) and ~65 for Trissolcus eus- 

chisti (Ashmead) (Yeargan 1982). The 

same holds for Gryon pennsylvanicum 
(Ashmead), a Nearctic egg parasite of 
squash bug, Anasa_ tristis DeGeer—.e., 

~80 eggs/female (Nechols ef al. 1989). 

Also, mean ovipositional period (40.7 
days) and female longevity (47.3 days) for 
G. obesum are greater than for T. podisi 
(~8 and ~12 days, respectively) (Yeargan 

ie») 

1982, Orr and Boethel 1990), T. euschisti 

(~28 and ~35 days, respectively) (Year- 

gan 1982), and G. pennsylvanicum (22 and 

~40 days, respectively) (Nechols et al. 
1989). 

Based on reproductive biology of the 
three scelionid parasitoids of E. conspersus 
in northern California, G. obesum would be 
the clear choice for augmentative release 
against this pest in tomato. It has the high- 
est lifetime fecundity, longest oviposition- 
al period, and greatest female longevity of 
the three parasitoids, and thus could be 
expected to have the greatest impact on 
pest density. Also, G. obesum has a repro- 
ductive advantage over that of the pest. 
Lifetime fecundity of E. conspersus is ~225 
eges/female at 27°C (Hunter and Leigh 

1965, Toscano and Stern 1976), compared 

to >250 for G. obesum. Also, generation 
time for G. obesum is much shorter—i.e., 

~15 days (unpublished data) compared 
to ~50 to ~55 days for E. conspersus 
(Hunter and Leigh 1965, Toscano and 

Stern 1976). Thus G. obesum could com- 

plete at least three generations to each 
host generation. Finally, it could be ex- 
pected to deposit ~50% of its eggs in the 
first 10 days after emergence, further en- 
hancing its impact in augmentative bio- 

logical control. 
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The Fossil Pelecinid Pelecinopteron tubuliforme Brues in Baltic 
Amber (Hymenoptera: Pelecinidae) 

MICHAEL S. ENGEL 

Department of Ecology and Evolutionary Biology, and Division of Entomology, Natural History 

Museum and Biodiversity Research Center, Snow Hall, 1460 Jayhawk Boulevard, University of 

Kansas, Lawrence, Kansas 66045-7523, USA 

Abstract—The fossil pelecinid Pelecinopteron tubuliforme Brues (Proctotrupoidea) is redescribed 

and figured based on a single, complete male preserved in middle Eocene (Lutetian) Baltic amber. 

Brues’ original material is missing but comparison with his description and figures allows for 

positive identification of the species. Since the type material for this genus and species are un- 

traceable and presumably destroyed the new specimen is herein designated as a neotype for the 

purpose of stabilizing the nomenclature and identity of this, the only definitive fossil of the family 
Pelecinidae. 

The family Pelecinidae comprises the gi- 

ants of the superfamily Proctotrupoidea 

with slow-flying individuals ranging in 

size from 25 to 60 mm in total length. The 

family is today represented by only three 
extant species, all restricted to the Western 

Hemisphere—Pelecinus polyturator (Drury) 

is known from southeastern Canada, the 

eastern United States and Mexico, and 

south to northern Argentina; P. dichrous 

Perty in southeastern Brazil, Paraguay, 

Uruguay, and northern Argentina; and P. 
thoracicus Klug presently known only 

from western Mexico. Little is known of 

Pelecinus biology aside from some melo- 

lonthine host records for P. polyturator. In- 

dividuals of P. polyturator have been 
reared from larvae of several Phyllophaga 
species (Coleoptera: Scarabaeidae) (see 

summary in Johnson and Musetti 1999). 

The three species were described and a 

key presented for their identification by 

Johnson and Musetti (1999). 

Johnson (1998) recently reviewed the 
two fossil species for the family: Pelecinop- 

teron tubuliforme Brues (1933) in Baltic am- 

ber and Iscopinus baissicus Kozlov (1974) 

preserved as a compression fossil from the 

Lower Cretaceous of the Transbaikal re- 

gion. Based on considerable differences in 
wing venation and uncertain affinity to 

Pelecinus or other proctotrupoids, Johnson 

(1998) rightfully removed I[scopinus from 
the Pelecinidae s.str. and considered it as 

a family of indeterminate position within 

the Proctotrupoidea. This action left the 

Eocene genus Pelecinopteron as the sole 

fossil representative for the Pelecinidae. 

Unfortunately, the two males and single 

female upon which Brues (1933) based his 

original description were from the ill-fated 

collections of the Albertus Universitat in 

KGnigsberg (today Kaliningrad, Russia). 

During World War II this collection was 

destroyed by fire. Some portion of the col- 
lection was spared and today resides in 

the Institut und Museum fiir Geologie 

und Palaontologie, G6ttingen. A personal 

investigation of this collection was made 

in July of 1999 but no material of Peleci- 

nopteron could be discovered (other Euro- 

pean institutions with amber collections 

were visited at the same time and addi- 

tional Kénigsberg material was not locat- 

ed). 

Herein | provide a new description and 
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Fig. 1. Photomicrograph of Pelecinopteron tubuliforme Brues (AMNH). 
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figures for a complete male of P. fubulifor- 
me recently identified in middle Eocene 
Baltic amber and designate this specimen 

as a neotype for the species. Format for the 
description generally follows that em- 
ployed by Johnson and Musetti (1999) for 

living pelecinids so as to aid comparison 
with Pelecinus. Measurements were made 
using an ocular micrometer on an Olym- 
pus SZX12 stereomicroscope and should 
be considered somewhat approximate 
since the optimal angle for some metrics 
was not always achievable. Microphoto- 
graphs were prepared using a Microptics 
ML-1000 digital imaging system. The age 

and origin of Baltic amber has been re- 
cently reviewed in Engel (2001). 

SDYOLEMA TIC PALEONTOLOGY 

Genus Pelecinopteron Brues 

Pelecinopteron Brues 1933: 19. Type species: Pe- 

lecinopteron tubuliforme Brues 1933, monoba- 
sic and original designation. 

Diagnosis.—Male. Inner margins of 

compound eyes very slightly convergent 
below, essentially parallel; maxillary pal- 

pus 5-segmented; labial palpus 3-seg- 
mented [I could not discern a fourth, 

short, basal segment alluded to by Brues 
(1933)]; mandible bidentate, teeth short 

and equal in length, outer surface without 

dense, elongate setae; mandibles broadly 
overlapping. Clypeus convex, with coarse, 
faint punctures scattered over surface (dis- 
tinctly not strongly punctured), without 
elongate setae, apical margin relatively 
straight. Ocelli positioned in equilateral 
triangle near top of vertex, median ocellus 
at upper tangent of compound eyes. Oc- 
cipital carina strong, distinctly present 
both medially and laterally. Antenna fili- 
form, 13-segmented; positioned slightly 
below midpoint of face, separated from 

base of clypeus by ca. 1.75X antennal 
socket diameter; combined lengths of 
scape and pedicel much shorter than first 
flagellomere, flagellomeres elongate, basal 
four flagellomeres with length ca. 4.5- 

N 

6.5 width, following four segments with 
length ca. 4 width, distal three segments 

with length ca. thrice width. Pronotum an- 

nular, dorsally with posterior section trap- 
ezoidal, this section anteriorly bordered 
by strong, transverse carina; anterior to ca- 

rina pronotum gently sloping down to 
short anterior collar. Notauli formed of 

posteriorly converging, strong, crenulate 
impressions, confluent posteriorly; mesos- 
cutum and scutellum separated by narrow 
suture, suture bordered by row of large, 

strong foveae on scutellum; axillae nar- 
row; scutellum weakly arched; metano- 
tum short. Mesepisternum with transverse 
furrow extending from faint episternal 
groove posteriorly, not reaching mes-me- 

tepisternal suture. Propodeum elongate; 

strongly and coarsely sculptured; sparsely 
setose. Tibial spur formula 1-2-2; metati- 
bia gently expanded apically, metabasitar- 
sus distinctly elongate, longer than three 
immediately following tarsal segments 
(i.e., length of tarsal segment 1 ~ com- 
bined lengths of tarsal segments 2, 3, and 

4); second tarsomere one-half length of 

metabasitarsus; fourth tarsomere extreme- 

ly short, with inner apical margin project- 
ing underneath fifth tarsal segment. Fore- 
wing with only two tubular veins (C and 
Sc+R); pterostigma elongate, tapering to 

point on anterior wing margin; R not ex- 

tending beyond pterostigma; first abscissa 
of Rs slightly angled toward wing base, 

subequal in length to basal vein (i.e., first 

free abscissa of M); r-rs arising slightly ba- 
sad pterostigmal midpoint (distad pteros- 
tigmal midpoint in Pelecinus); Rs forking 
slightly basad pterostigmal apex and dis- 

tad forewing midpoint, forming two 

branches, Rs1 and Rs2, each branch equal- 
ly pigmented and reaching to wing apex; 
Rs1 arching anteriorly before extending to 
wing apex; medial cell elongate; Cu reach- 

ing wing apex, slightly more heavily pig- 
mented near wing margin than distalmost 

abscissae of Rs1, Rs2, and M; 2cu-a slight- 
ly distad 1m-cu; veins more strongly pig- 
mented in basal two-thirds of wing (i.e., 



from slightly beyond pterostigmal apex to 

base of wing) except around second ab- 
scissa of Rs+M and anal vein with asso- 
ciated crossveins (1.e., lcu-a and 2cu-a) 

very faintly indicated; membrane hyaline; 

venational details presented in figure 4. 

Hind wing without venation except C 

along anterior margin; without closed 

cells; membrane hyaline. Metasoma elon- 

gate; sixth metasomal segment swollen 

and enlarged, with strong teeth along lon- 
gitudinal midline of sternum, first tooth at 

midpoint of sternal length, second tooth 
near apical fourth; sixth tergum and sixth 

sternum partially fused (i.e., suture be- 

tween them exceedingly faint), same for 
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seventh metasomal segment; seventh me- 

tasomal segment generally falcate; para- 
meres elongate. Female. Surviving speci- 
mens unknown; based on descriptive de- 
tails in Brues’ (1933) original description 
the female is generally as described for the 
male herein except for sexual differences. 
This will require confirmation when new 
material of the female sex is discovered. 
Comments.—Brues (1933) originally pro- 

posed a separate family, Pelecinopteridae, 
for this genus while noting its strong af- 
finity to Pelecinidae. Owing to the enor- 
mous similarity of Pelecinopteron with Pe- 
lecinus | agree with most authors (e.g., 

Johnson 1998) that the two genera should 
be placed in a single family. 

KEY TO GENERA OF PELECINIDAE 

1. Antenna 14-segmented; malar space well-developed; r-rs arising in distal half of pterostig- 
ma; forewing with infuscation (particularly in costal cell, along anterior margin, and at 

apex); metabasitarsus distinctly shorter than following tarsomere; male metasoma clavate; 

body size large, ca. 25-60 mm (extant; Western Hemisphere) Pelecinus Latreille 

Antenna 13-segmented; malar space extremely short; r-rs arising in basal half of 

pterostigma; forewing apparently without infuscation; metabasitarsus distinctly longer 

than following tarsomere; male metasoma elongate; body size moderate, ca. 10-15 mm 

(early Cenozoic amber; Europe, northern Asia) Pelecinopteron Brues 

Pelecinopteron tubuliforme Brues 
(Figs. 1-4) 

99.9 Pelecinopteron tubuliforme Brues 1933: 20. Kozlov 

1974: 145 (translated version 1974: 137) [par- 

tial Paleocene amber specimen]. Johnson 

1998: 2 [descriptive notes]. 

Diagnosis.—As for the 
above). 

Description.—As described for the genus 
with the following additions: Male. Total 
body length (excluding antennae) 10.9 

mm; forewing length 4.3 mm; head length 

1.5 mm (head width indeterminate owing 
to angle from which front of face can be 
seen through amber surface); malar space 

length 0.07 mm; length of compound eye 
|.1 mm; metasomal length 8.4 mm; length 
of first metasomal segment 1.0 mm; length 

genus (see 

of second metasomal segment 1.0 mm; 

length of third metasomal segment 1.0 
mm; length of fourth metasomal segment 
0.8 mm; length of fifth metasomal segment 

1.3 mm; length of sixth metasomal seg- 
ment 1.9 mm; length of seventh metaso- 

mal segment 1.4 mm. Coloration of integ- 
ument not well preserved, where evident 

apparently dark brown to black through- 
out. 

Clypeus with sparse, faint, rather small, 
coarse punctures, integument otherwise 

smooth; remainder of head with minute, 

scattered punctures, integument between 

smooth. Dorsal-facing surface of prono- 
tum with posterior portion separated from 

collar by transverse carina, integument of 
dorsal surface with minute punctures sep- 

arated by a puncture width, integument 
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Figs. 2-3. Photomicrographs of Pelecinopteron tubuliforme Brues (AMNH). 2. Lateral view of mesosoma and 
head. 3. Lateral view of distal metasomal segments (from left to right = segments 7, 6, 5, 4, and apex of 3). 
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Fig. 4. 

indicates an alar fenestra. 

between smooth or slightly imbricate; lat- 
eral surface of pronotum with dorsal third 
smooth except along border with mesos- 
cutum with minute punctures separated 
by a puncture width or slightly more, in- 
tegument below smooth patch pronotum 
with large and strong punctures, punc- 
tures nearly confluent, integument be- 
tween punctures (where evident) smooth. 
Mesoscutum with crenulations along lat- 
eral and anterior borders; notauli strongly 
impressed and crenulate, fusing posteri- 
orly; integument in crenulations smooth, 

otherwise integument with minute punc- 
tures separated by a puncture width or 
slightly more; tegula with minute punc- 
tures separated by a puncture width, in- 
tegument between punctures smooth; scu- 

tellum with strong and deep foveae along 
margins to form a small, medial, horizon- 

tal surface, integument in foveae smooth, 

on medial surface with minute punctures 
separated by a puncture width or slightly 
more, integument between punctures 

smooth. Mesepisternum with large and 
strong punctures, punctures nearly con- 

fluent, integument between punctures 
smooth; with transverse depression ante- 
riorly connecting to short and more faint 
episternal groove (posteriorly this groove 
does not reach to the suture between the 
mes- and metepisternum), integument in- 

side of groove smooth, above groove in- 

tegument with minute punctures separat- 

Forewing venation of Pelecinopteron tubuliforme Brues (AMNRH). Scale bar = 0.5 mm. Dashed line 

ed by a puncture width or less, integu- 
ment between punctures smooth. Metepis- 
ternum sculptured as on mesepisternum 

below transverse groove. Propodeum 
sculptured as on mesepisternum below 
transverse groove except posteriorly punc- 
tures fusing to form large areolae. Meta- 
soma with minute punctures widely scat- 

tered, integument otherwise smooth. Setae 

generally minute (less than a single ocellar 
diameter in length) and sparse except on 
legs, metasoma, and borders of pronotum 

and mesoscutum slightly more extensive 

but distinctly not dense. Female. Surviv- 
ing specimens unknown; from the few de- 
scriptive notes provided by Brues (1933) 
females are generally as described for the 
male (above) aside from the typical sexual 

differences and perhaps some slight vari- 
ations in sculpturing of the mesosoma. 
Material—Neotype (here designated). 

Male, Baltic amber, middle Eocene (Lute- 

tian); labeled ““Neotype, Pelecinopteron tub- 
uliforme Brues, desig. M. S. Engel [red la- 
bel]; deposited in the Amber Collection 

of the Division of Invertebrate Zodlogy, 
American Museum of Natural History, 

New York. This specimen is designated in 
accordance with Article 75.3 (ICZN 1999) 

and for the express purpose of clarifying 
and stabilizing the taxonomic status of P. 
tubuliforme. The new specimen originates 
from the same deposits as the original se- 
ries (i.e., the middle Eocene “Blue Earth” 
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deposits of northern Europe, from which 
Baltic amber originates: see Engel 2001). 

Although the holotype was originally a fe- 
male, two males were also described and 

the current specimen corresponds in all 

observable details to those features de- 

scribed for the male by Brues (1933). Thus, 

in accordance with Article 75.3.5 the neo- 

type may be based on a different sex (in 
this instance, a male). 

Comments.—As mentioned above, the 

original material upon which Brues (1933) 

based his description is missing (and per- 
haps destroyed with the bulk of the K6- 
nigsberg collection during World War II). 
A partial specimen consisting of only a 
male metasoma is known in Paleocene 

amber from Sakhalin, Russia (Kozlov 

1974, Johnson 1998). No other specimens 

are presently recorded for this taxon. 
Thus, the specimen described herein is the 

only complete, surviving individual for 
the species and the only one originating 
from the same deposits as the original 

type series. When a more complete speci- 
men of the species from Paleocene amber 

of Russia is discovered it may prove to be 
a separate species from P. fubuliforme. For 
example, the photograph published by 
Johnson (1998) does not clearly show the 

ventral teeth on the swollen sixth meta- 

somal segment. Other differences may 

come to light with more completely pre- 
served material. 
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Abstract.—Incastigmus is a Neotropical genus previously known from 2 species. In this paper 

21 species of Incastigmus are described as new: aylaxiter (Argentina, Bolivia, Brazil), caelukhus 

(Peru), cearaensis (Brazil), ceromus (Peru), chincha (Ecuador, Venezuela), ictericornis (Argentina, 

Paraguay, Bolivia, Brazil, Peru, Ecuador), ignithorax (Costa Rica, Panama), iphis (Brazil, Paraguay, 

Bolivia, Peru), kunkopteryx (Brazil, Bolivia, Peru, Ecuador, Colombia), mauracis (Brazil, Bolivia, 

Peru, Ecuador), mystaxalbus (Mexico, Guatemala, Honduras, El Salvador, Costa Rica), mytior 

(Brazil, Bolivia, Ecuador, Colombia, Venezuela), paranicus (Argentina, Bolivia, Brazil), propho- 

rodontis (Brazil, Bolivia, Ecuador, Colombia, Panama, Venezuela, Trinidad and Tobago), pycnog- 

lypticus (Brazil), pyrrhopyxis (Peru, Ecuador, Colombia, Costa Rica, Trinidad and Tobago), strep- 

silineatus (Venezuela), sunicerus (Brazil), trichodocerus (Brazil, Paraguay, Peru, Ecuador, Colom- 

bia, Venezuela, Suriname, Trinidad and Tobago), urgicus (Brazil) and zephyrus (Mexico, Guate- 

mala, Nicaragua, Costa Rica, Panama). Stigmus hexagonalis Fox (Colombia, Ecuador, Peru, Brazil) 

and S. neotropicus Kohl (Texas to Argentina) new combinations, are transferred to Incastigmus. 

Additionally, a key is provided to all species. 

The genus Incastigmus, with 25 currently 
recognized species, was described to de- 
fine a lineage of Neotropical Stigmini 
based on a phylogenetic analysis of the 
world taxa (Finnamore 1995). Its speci- 

mens are the most common Neotropical 

Stigmini in museum collections. The ge- 
nus ranges from southern Texas to Argen- 

tina, but is not known north of the Lesser 

Antilles in the Carribean, or from Chile. 

Nothing is known of the biology and be- 
haviour of Incastigmus, but it is likely that 

all species construct nests in twigs and 
provision with aphids, as do most species 
in related genera. Several species in relat- 
ed genera nest in pre-existing cavities and 

some morphological and anecdotal evi- 
dence suggests Parastigmus species may be 

sand-nesting (Finnamore 1995). The title 

of the present paper reflects recent chang- 

es to the classification of apoid wasp lin- 
eages which, among other things, placed 

the Pemphredoninae in the family Cra- 
bronidae (Melo 1999). 

METHODS 

Terminology generally follows Bohart 
and Menke (1976), but in some cases 

needs clarification. Morphological terms 
are listed below: 

Appressed setae: setae forming an angle 
close to 0° with the body surface. 

Lateral Sphere of propodeum: convex area 
of propodeum between propodeal enclo- 
sure and side (Gittins 1969). 

LOD: maximum diameter of 
ocellus. 

Mesosoma: the thorax plus the propo- 
deum. 

Metasoma: the apparent abdomen con- 
sisting of the abdomen excluding the first 
segment or propodeum. 

Micropore field: a grouping of minute 
pores usually visible only with scanning 

lateral 
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electron microscope, but by stereomicro- 

scope with diffusing filter apparent as a 
discrete microsculpture patch or line on 
upper frons, usually between the lateral 
ocellus and the eye. 

Microsculpture: minute sculpture im- 

parting a dull appearance to the body. 
OOD: ocellocular distance, the least dis- 

tance between lateral ocellus and eye. 
Preomaular area: area of mesopleuron an- 

terior to omaulus ( = preomaulal area of 

Bohart and Menke (1976)). 

Transverse groove: on pronotal dorsum, 
the transverse groove immediately poste- 
rior to the transverse carina. 

Descriptions of all included species are 
provided based on the material examined. 
In species demonstrating variability, de- 

scriptions are based on representatives of 
the most prevalent phenotype with varia- 
tion noted throughout the description. 
Collection data for the holotypes are pre- 
sented as they appear on the label; thus 
several spellings for the same locality and 
collectors, and several formats for date of 
collection may be encountered. Collection 
data for paratypes are presented in a stan- 
dard format of descending political units. 
Square brackets [ ] are used to indicate 

misspelling of localities, inability to con- 

firm placement of a locality within a po- 
litical unit, or when two or more localities 

with identical spelling exist within a po- 
litical unit and the label data was insuffi- 
cient to indicate which was intended (e.g., 

PERU: Ucayali: [San Pedro]—any of 4 lo- 

calities named San Pedro within Ucayali 
Department, 47 localities within Peru). For 
previously described species only the col- 
lection localities and museums are listed. 

The 2,043 specimens examined during 
this study were obtained from the follow- 
ing 31 institutions (the abbreviation pre- 
ceding the institution is that used in the 
text to designate repositories): 

AEIC—American Entomological Insti- 

tute, Gainesville, Florida, U.S.A. (D. 

Wahl). 

ANIC—Australian National Insect Col- 
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lection, CSIRO, Canberra, A.C.T., Austra- 

lia. (.D. Naumann). 

BMNH—The Natural History Museum, 

London, United Kingdom. (C. Taylor, C.R. 

Vardy). 

BPBM—Bernice P. Bishop Museum, 

Honolulu, Hawaii, U.S.A. (G.M. Nishida). 

CASC—California Academy of Scienc- 

es, Golden Gate Park, San Francisco, Cal- 

ifornia, U.S.A. (W.J. Pulawski). 

CMNH—Carnegie Museum of Natural 

History, Pittsburg, Pennsylvania, U.S.A. 

(J.E. Rawlings). 

CNCI—Canadian National Collection, 

Agriculture and Agri-Food Canada, Otta- 

wa, Ontario, Canada. (J. Huber, L. Mas- 

ner). 

CSUC—Department of Entomology, 

Colorado State University, Fort Collins, 

Colorado, U.S.A. (H.E. Evans). 

FSAG—Collections Zoologiques, Facul- 

te des Sciences Agronomiques, Gembloux, 

Belgium. (J. Leclercq). 

FSCA—Florida State Collection of Ar- 

thropods, Gainesville, Florida, U.S.A. (L. 

Stange, J. Wiley). 

HNHM—Zoological Department, Hun- 

garian Natural History Museum, Buda- 

pest, Hungary. (J. Papp). 

HES—Instituto de Investigaciones En- 

tomologicas Salta ‘““INESALT”, Salta, Ar- 

gentina. (M.A. Fritz). 

IMLA—Fundacion E Instituto Miguel 
Lillo, Universidad Nacional de Tucuman, 

Tucuman, Argentina. (A. Willink). 

IZAV—Instituto de Zoologia Agricola, 

Universidad Central de Venezuela, Mara- 

cay, Aragua, Venezuela. (J. Luis Garcia). 

LACM—Los Angeles County Museum 
of Natural History, Los Angeles, Califor- 

nia, USA. (R. Snelling). 

MACN—Museo Argentino de Ciencias 

Naturales, Buenos Aires, Argentina. (A. 

Roig Alsina). 

MCZC—Museum of Comparative Zo- 

ology, Harvard University, Cambridge, 
Massachusetts, U.S.A. (C. Vogt). 

MJMO—Decanato de Agronomia, Univ- 
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ersidad Centro Occidental, Barquisimeto, 

Lara, Venezuela. (E. Yustiz). 

MPEG—Museu Paraense Emilio Goeldi, 

Belem, Para, Brazil. (W.L. Overal). 

MTEC—Entomology Collection, Mon- 
tana State University, Bozeman, Montana, 
U.S.A. (M. Ivie). 

MUCR—Museo de Insectos, Universi- 

dad de Costa Rica, Ciudad Universitaria, 

Costa Rica. (P. Hanson). 

NHMW-—Naturhistorisches Museum 

Wien, Wien, Austria. (M. Fischer). 

OSUO—Department of Entomology 
Collection, Oregon State University, Cor- 
vallis, Oregon, U.S.A. (G.R. Ferguson). 

PMAE—Provincial Museum of Alberta, 

Edmonton, Alberta, Canada. 

RMNH—Nationaal Natuurhistorische 

Museum, Leiden, The Netherlands. (C. 

van Achterberg). 

SEMC—Snow Entomological Museum, 

University of Kansas, Lawrence, Kansas, 

U.S.A. (R.W. Brooks). 

SDMC—San Diego Natural History 

Museum, San Diego, California, U.S.A. 

(D.K. Faulkner). 

SMTD—Staatliches Museum fur Tier- 

kunde, Dresden, Germany. 

USNM—Smithsonian Institution, Wash- 

ington D.C., U.S.A. (K.V. Krombein, A.S. 

Menke). 

ZMAN—Instituut voor Taxonomische 

Zoologie, Universiteit van Amsterdam, 
Amsterdam, Netherlands. (W. Hogenes). 

ZMUM—Zoological Museum, Univer- 
sity of Moscow, Moscow, Russian Feder- 

ation. (A.V. Antropov). 

INCASTIGMUS Finnamore 

Incastigmus Finnamore 1995:234. Type species: 

Incastigmus inti Finnamore 1995:235, by orig- 
inal designation. 

Recognition.—Specimens of Incastiginus 

can usually be recognized by the presence 
on the scutum of a median groove or pos- 
teromedian pit, a unique structure within 

western hemisphere Stigmini. The groove 
or pit must not be confused with the me- 
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dian, or posteromedian ridge or multiple 
ridges in some species of Neotropical Stig- 
mus. The following combination will pro- 
vide assurance of generic assignment for 
all known species: hind wing media di- 
verging before cu-a; acetabular carina pre- 
sent; mandibles tridentate in both sexes 
with apicoventral tooth acute in female; 
and scutum with a median groove or pos- 
teromedian pit. 

Since publication of Part 1 of this work 
(Finnamore 1995) I have found several 

males of Llaghastigmus mantanti Finnamore 
which can be confused with those Incastig- 
mus in which the scutal groove is reduced. 
Male mantanti sometimes have a series of 
short, evanescent, longitudinal striae 

along the posterior scutal margin in which 
the median pair mimic the posteromedian 
pit of some Incastigmus. The large bilobed 
labrum (lobes broad and separated by a 

slight emargination) in mantanti indicates 
it is a Llaghastigmus, whereas Incastigmus 
possess a relatively small quadrilobed la- 
brum (median lobes narrow and separat- 

ed by a deep median notch). Male mantan- 
ti have been included in the following key 

to species of Incastigmus in order to avoid 
spreading mandibles to expose the labrum 
for generic determination. Female mantan- 
ti possess a large bilobed labrum and a 
slightly enlarged, blunt, apicoventral man- 
dibular tooth, both diagnostic characters 

for Llaghastigmus, and should not be con- 
fused with Incastigmus (apicoventral man- 
dibular tooth acute) in the key to genera 
of Stigmini (Finnamore 1995). In addition, 

female mantanti lack any trace of a pos- 
teromedian scutal pit and the lateral clyp- 
eal teeth meet or exceed the median clyp- 
eal teeth in length. In Incastigmus the lat- 
eral clypeal teeth are smaller than the me- 
dian teeth. 

Description.—HEAbD: Labrum 4-lobed, 
with narrow deep median emargination; 

mandibular apex of both sexes tridentate; 
apicoventral mandibular tooth in female 
acute; inner basal mandibular tooth ab- 

sent; clypeal apex in male without bev- 
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elled modifications, in female with 4 teeth; 

interantennal tubercle and frontal line ab- 

sent; micropore field present between lat- 

eral ocellus and eye; eye inner margins 

converging below; eyes at most partially 
margined by a carina; occipital carina pre- 

sent, complete, not joining hypostomal ca- 
rina, simple in female, raised, foveolate in 

male. MESOSOMA: Scutum with median 

groove or at least posteromedian pit; no- 

tauli often elongate, reaching posterior 

scutal margin; acetabular carina present; 

1 

omaulus continuous with acetabular cari- 

na; scrobal sulcus present; hypoepimeral 
area without coarse sculpture; mid basi- 

tarsus of male elongate, as long as next 3 

tarsomeres combined; posterior margin of 

hind tibia with 2 or 3 spines; fore wing 
asetose in cellular area; hind wing media 

diverging before cu-a; hind wing subme- 

dian cell of normal size, not reduced. ME- 

TASOMA: Petiole carinate; pygidial plate 
narrow, absent in male; digitus longer 
than cuspis, clubbed. 

KEY TO SPECIES OF INCASTIGMUS 

1 Male: antenna with 11 flagellomeres, metasoma with 7 exposed terga 2 

1’ Female: antenna with 10 flagellomeres, metasoma with 6 exposed terga 
2 Vertex with micropore field present as a small oval or circular patch between lateral 

ocellus and eye margin (Fig. 14) 

2’ Vertex with micropore field forming a narrow linear furrow between lateral ocellus and 

eve mare: (Pies, 50, O60) i.5 2s eese oeades na 

3. Scutum with at most median scutal groove complete (Figs. 3, 15, 43, 71, 79); notauli 

attenuated posteriorly, not reaching posterior scutal margin except in a few cases by weak 

extensions; median scutal groove usually incomplete, sometimes reduced to a small pit 

on posterior scutal margin, or absent, or sometimes contiguous with admedian lines.... 4 

3’ Scutum with 3 complete grooves (Figs. 23, 31); notauli reaching posterior scutal margin, 

not attenuated posteriorly; median scutal groove reaching admedian lines, not attenuated 
BIICTIONY, sianodestn aie bare Seka See os Sustep ayer outa eGcaccere Vanes oy wes) spac) eo renee eee Ores ey 20 

4 Preomaular area sparsely setose with underlying sculpture clearly evident; median scutal 

groove present at least as a small pit on posterior margin; labrum quadrilobed 

Incastigmus 5 
Cc 

4’ Preomaular area densely setose, with underlying sculpture obscured; posterior scutal 
margin with a series of evanescent striae; labrum bilobed; se. Brazil 

Hesse ose Oe Llaghastigmus mantanti Finnamore 

Mesosoma with at least pronotum red, sometimes entirely red .............-.-.0.-5-. 6 

Mesosoma black, at most pronotal lobe slightly red .........6.. 0.00050 e cede eevee 7 oro 

6 Transverse pronotal carina with prominent tooth at humeral angle (Figs. 70-72); median 

scutal groove and notauli extending over most of scutum (Fig. 71); Costa Rica, Colombia, 

Ecuador, Peru, Trinidad 19. pyrrhopyxis new species 

6’ Transverse pronotal carina rounded at humeral angle, without tooth; no median scutal 

groove and notauli restricted to anterior third; Lesser Antilles: Dominica, Grenada, St. 

Vincent 22. thoracicus (Ashmead) 

7 Gena with tooth-like projection, ventrally (Fig. 12a); Peru, Ecuador, Colombia, Brazil 

(Mato Grosso) 

7’ Gena smoothly rounded, without swellings, ventrally 

6. hexagonalis (Fox) 

8 First metasomal tergum dull, densely microsculptured; se. Brazil ..................-. 

Se -oete se aon ed 18. pycnoglypticus new species 

6. Fitstmetasomal tergum. shiny, without microsculpture....0...000...0% 04.529 tes wee ee 9 

9 Median scutal groove reduced, present only posteriorly and not reaching admedian lines 

(Figs. 8, 43). 
9’ Median scutal groove well developed, reaching and often contiguous with admedian 

ines (hese 157) ee ere Nias nes «.5 
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Promnotalobesnw liter xc mei erases ae chee ter at wen eect ce eee yee re he eee eee 11 

Pronotal lobes black, occasionally brown or yellow-brown ...............00550005- 12 

Pronotal lobe rounded (Figs. 42, 44); Central America ....... 13. mystaxalbus new species 

Pronotal lobe toothed; South: Ameria 66525 5c weet aace eae 24. urgicus new species 
Transverse pronotal carina with tooth at humeral angle larger than tooth on vertical 

pronotal carina; southern Mexico (Quintana Roo) to Panama .... 25. zephyrus new species 

Transverse pronotal carina with tooth at humeral angle smaller than tooth on vertical 

Carinay SOUtne Ammer Care teens ce eeee is eser cnc lste et te ameter Svan ges ene ae fra ea ene eee nee ae 13 

Vertex, posterior to micropore field, with shallow elliptical depression defined posteriorly 
by weak carina; flagellomeres II-VI or more elongate, depressed basally, each with a 

broad shiny tylus on apical half; Ecuador, Peru, Bolivia, Brazil (Pernambuco) .......... 

5 nid Os ye ORES Mie, oe eects we hen ds8 eat uc Se SCS WS banoes 2 12. mauracis new species 

Vertex, posterior to micropore field, flat, without depression; flagellomeres cylindrical, 

not depressed basally; Venezuela, Ecuador .....................5. chincha new species 

Flagellomeres elongate, about 2x width, without tyli (Fig. 77); flagellomere XI broadly 

curved, more than 2x width; notauli extending */, length of scutum (Fig. 79); se. Brazil 

5 Pye terieskes estes chia aed, BRC ranuieice ai sh Sues gre fe ya ietirty Ss a ie oan eg 21. sunicerus new species 

Flagellomeres relatively short, length subequal to width or, if elongate, then rarely 2x 

width and flagellomere XI cylindrical, not curved; tyli often present (Fig. 1); notauli often 

approaches posterior Mareitt OF Scuti, «202 shits oa ee Goons wee ae See 15 

Hypersternaulus much narrower than scrobal sulcus; raised, linear tyli on flagellomeres 

Ill or IV to VU; Brazil (Ceara) ......... 0... ce eee 3. ceardensis new species 

Hypersternaulus equal to or wider than scrobal sulcus (measured vertically) (Fig. 16); 

Haselomercs Estally without fyi Or ty Obscure*yy 2 oe sak ota 8S ayo rs dee oie ee 16 

Vertex, gena and posterior °/, of scutum shiny, without microsculpture; median scutal 

groove tapered to a point just posterior to apex of admedian lines; Trinidad, Venezuela, 

Panama, Colombia, Ecuador, Bolivia, Brazil (Goias) ...... 17. prophorodontis new species 

Either vertex, gena or scutum dull, with microsculpture; median scutal groove reaching 

CIENT MUBNG SS’ 2 5 a5 ie. bs oe a tg. Pee eta eek eM Oh ee ee ie a ee er ee As 

Pronotal lobe toothed in dorsal view, forming a sharp acute angle, or flattened and wing- 

like in frontal view (Figs. 38-40); Colombia, to Bolivia, Brazil (Amazonas) ............ 

ee ee ee ee ee er ee ere Or eee 11. kunkopteryx new species 

Pronotal lobe rounded in dorsal or frontal view, forming an obtuse angle (Figs. 15, 16) 

OD ac SO cs SB ra. fy du yds Reger ras Sypnetonce te chain he Seo eae gal @ pices Sk ices, EE Oe ee 18 

Scutum striatopunctate on posterior 7/,; Peru ................. 2. caelukhus new species 

Scutum more or less smooth, without striae between grooves .................-04- 19 

Flagellum with tyli (Fig. 29), or ventral brush of setae (Figs. 69, 81) ................. 20 

Flagellum without tyli (at least not visible in profile) and without ventral brush of setae 

(Fig. 13); south of Guiana Shield to Brazilian Highlands ....... 7. ictericornis new species 
Flagellum with short, ventral setal brush (Figs. 69, 81); tyli absent, flagellomere XI sym- 

PACE al Neg eo aw We ye. 35 rely oe bs Bess eens ee ae ee eee 21 

Flagellum without setal brush (Figs. 21, 29); tyli usually present, flagellomere XI often 

asvimmettcal due torventral tylus (Rigs 22)) << oa cscvetil ssa <b 5 a Snsrake Se ee eal: eae eg es 23 

Mesosoma with at least pronotum red, sometimes entirely red; Costa Rica, Colombia, 

Bemador send, ¢ Mama) +55 2-9:5.2 2 i dd.ait oS ace egein doe ewe 19. pyrrhopyxis new species 

ITER Sihriel aCe? ysohe et aioe Geek oa-<* i ‘anu 'p 0. come, dared all a ns Aa ie ee eee ae 22 

Vertex and frons uniformly microsculptured, dull; scutum with irregular striae on pos- 

US) WO) ey Argh eo) 90 a a ee ne en eee ere 2. caelukhus new species 

Vertex, anterior to mid ocellus, shiny (Fig. 82), microsculpture denser on frons than on 

vertex; scutum with striae usually less developed and only between notauli; se. Brazil, 

Paraguay, Peru Ecuador, Colombia, Venezuela, Suriname ... 23. trichodocerus new species 

Flagellomere XI unmodified, cylindrical, without tylus (Fig. 30); Peru, Bolivia, Paraguay, 

Brazil (Bahia, Goias, Mato Grosso, Sado Paulo) ................... 10. iphis new species 
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Flagellomere XI with tylus on ventral surface imparting an asymmetrical shape (Fig. 22); 

Colombia, Ecuador, Peru, Bolivia, Brazil (Mato Grosso, Para) .......... 9. inti Finnamore 

Tyli of flagellomeres I-XI with sparse, short brush of setae (Figs. 69, 81); Argentina, Bo- 

livia Brazil (Gao Raul @)! isn 5 arene aia crs dad ete Odeon Sh, Sis ere aca hs 16. paranicus new species 

Tyli of flagellomeres without setal brush (Fig. 57), at most a few setae at apices of tyli 

Uo) eect yet ce ere tee ee ate ere tay cect a a5! 5 op. Tid oS Eres nine Me ee 25 

Propodeum irregularly striate, without areolae; Venezuela 

Propodeumi ateolate (F1G..59))2a)et cans Set 1 ee Ko ody OPEL YE EOL EE yh eke aren 26 

Pronotal lobe with carinate tooth or peg-like projection (Figs. 50-52) ................ 27 

Pronotal lobe rounded, if somewhat pointed then not carinate (Figs. 59,60) ........... 28 

Pronotal lobe toothed (acutely produced), white (Figs. 50-52); Venezuela, Colombia, Bo- 

livia, Brazil (Mato Grosso, Minas Gerais, Pernambuco, Rio de Janeiro) ............... 

oi, Pecks os ceae ian ts Aenean tench tse aehey Goey ener dees a aie eres av avsetdie anes shal Aree se aoe es 8 14. mytior new species 

Pronotal lobe peg-like (bluntly produced), brown; Peru. ......... 4. ceromus new species 

Flagellomere XI with tylus imparting an asymmetrical shape; Argentina, Bolivia, se. Brazil 

POOLE PET eReRe eT ce ee eee eee ee eT ee ee 1. aylaxiter new species 

flagellomere XI cylindrical, symmetrical, with at most indistinct tylus (Fig. 57); Mexico to 

APOnUMNG 5 es digas oS Mees rte a.g a tee to hedne taes ate Hewes As 15. neotropicus (Kohl) 

Median clypeal lobe with 2 elongate setae arising from subapical semicircular depression 
Ms Ss Ons 90 OOOO) oe OR cre cas he ye ee ee ehh ha Set eal a oh ae tae 30 
Median clypeal lobe with 2 elongate setae arising from 2 narrowly separated subapical 
pits or a broad transverse depression (Figs. 10, 46, 62, 74) .. 0.2... 0.00.6 cee eee eee, 33 

Mesopleuron shiny, hypoepimeral area unsculptured on ventral half or more, dorsal half 

finely microsculptured (Fig. 88); pronotal lobe rounded, conical (Fig. 87); scutum shiny 

posteriorly, often with short longitudinal irregular grooves (Figs. 87, 88); stigma of fore 

wing orange, brown or black; se. Brazil, Paraguay, Peru, Ecuador, Colombia, Venezuela, 

SUMBAME addi 4s emo web weep Ss deine tes wos <5S42-0u hen OO ICNOROCErIS NEW Species 

Mesopleuron dull, microsculptured throughout (Fig. 20), OR pronotal lobe dorsally flat- 

tened (not conical), somewhat carinate anteriorly and laterally, OR posterior °/, of scutum 

with coarse regular striae; stigma of fore wing brown or black ................-..-. 31 

Scutum multistriate on posterior */,; mesopleuron shiny in part; pronotal lobe conical, 

not flattened or carinate; Peru .................-++.--+.++-+.. 2. caelukhus new species 

Scutum without multiple striae except occasionally along posterior margin (Figs. 19, 39); 

mesopleuron microsculptured throughout OR pronotal lobe dorsally flattened, somewhat 

carinate anterioriy-and laterally (Pies;.39=40). 2... oecede ea cee een wed Hee OSE eS oo 

Pronotal lobe toothed, flattened dorsally, somewhat carinate anteriorly and laterally (Figs. 

38-40); hypoepimeral area shiny (Fig. 40); Colombia to Bolivia, Brazil (Amazonas) ..... 

Cag ANON abate ict ge ty a ey Shae he She een eS ES ee as 11. kunkopteryx new species 

Pronotal lobe rounded, conical, without carinae (Figs. 19-20); hypoepimeral area dull, 

microsculptured throughout (Fig. 20); south of Guiana shield to Brazilian Highlands . .. . 

PRON Ronse a a 310 Wales sagt Ane 4 ANG St aee aARat AG DON AGA a ae 7. ictericornis new species 

Median scutal groove absent, indistinguishable from other grooves along posterior mar- 8 s s ‘ 
iii I A an iil act ie io Ss Dhl RRMA Ores oN ite t Lode Oe See St She's SRO 34 

Median scutal groove present, at least as an elongate pit on posterior margin (Figs. 27, 

GS) OPN Re ee ae ah hy 2 lee Rk Mayet ey cnt SW ole Gpepea an Gaensler PA aioe ae 36 

Clypeus white or yellow in apical third; mesosoma and petiole black; Central America 

errs en RU ie Pe mid he cM Me kre, toe Se dy Mees 13. mystaxalbus new species 

Clypeus black; mesosoma and petiole black to extensively red ...........---+-+---- a5 

Median clypeal lobe absent; mesosoma and petiole usually extensively red; pronotal lobe 

white; Lesser Antilles: Dominica, Grenada, St. Vincent ........ 22. thoracicus (Ashmead) 

Median clypeal lobe present; mesosoma and petiole black, sometimes partially red on 



~ =) 

W Ww 

NN & 

Go &) oO 

38’ 

42’ 

47 

47’ 

48 

48' 

49 

JOURNAL OF HYMENOPTERA RESEARCH 

pronotum, scutum, scutellum, and mesopleuron; pronotal lobe yellow to red; southern 

Mexico (Quintana Roo) to Panama ......................... 25. zephyrus new species 

Gena with ventral tooth (Fig. 12a); Brazil (Mato Grosso), Peru, Ecuador, Colombia ..... 

ee ee ee eee Pe eer A ee ee eee ee eee ee 6. hexagonalis (Fox) 
Gena smoothly rounded ventrally, at most with small swelling .................... 37 

SSCUNEEIOIL “POC hg ce wee sr es eet cae lee eae cs ime 0 <b tae GaN Diy ete tes esata She, ah crane estes 38 

pcutum all black; or red postentorty: 2's... 2.e2-- ai WEG 25. SWe eae oe Sete cnt em ere sitan = ee 39 

Clypeus lateral to median lobe, simple, without tooth (Fig. 74); Costa Rica, Colombia, 

Ecuador Reru, Trinidad: 2224 $50 66.noee oa ales 24 slo Wha 19. pyrrhopyxis new species 

Clypeus quadridentate, median lobe emarginate, bilobed, and flanked by small lateral 

tooth Panaimalens easton ee net ee ees 8. ignithorax new species 

First metasomal tergum dull, with dense, coarse microsculpture; se. Brazil ............ 

Ue TEE Ree ee ee ee ee ee ee ee ee ee 18. pycnoglypticus new species 

First metasomal tergum shiny, without or with little microsculpture ................ 40 

ag Rer ives ec time sfemia cre Mero) een \E 1 WO) ua. 0, C2 al dene tae a a a wae Ee Orme 4] 

Pronctal lone Witte nat ee aat secant a talia, ts ike ca eee eee Dee ee ces 44 

Gena ventrally with small, subconical swelling near hypostomal carina; Trinidad, Venezuela, 

Panama, Colombia, Ecuador, Bolivia, Brazil (Goias) ....... 17. prophorodontis new species 

Gena ventrally flat, without swelling near hypostomal carina ...................-4. 42 

Lateral clypeal tooth located beneath antennal socket and separated from median lobe 
by deep emargination (Fig. 6); Venezuela, Ecuador ..............5. chincha new species 
Lateral clypeal tooth, if present, forming part of the median lobe, not distinct and not 

separated by emargination, appearing as a small basolateral angle on the median lobe 

Pronotal lobe black or dark brown-black; lateral clypeal tooth present laterad of median 

clypeal lobe; Ecuador, Peru, Bolivia, Brazil (Pernambuco) ...... 12. mauracis new species 

Pronotal lobe yellow-brown; lateral clypeal tooth absent; Brazil (Minas Gerais) ........ 

hg aces tate he Hina aaa yeaa hy we OF cocks ete Aen calag gis Aaa a aoe AE 24. urgicus new species 

Pronotal lobe toothed, peg-like or sharply acute (Figs. 38-40, 50-52) ..............-. 45 

Pronotal lobe rounded (Wis. 25, 27, 26; 30,00) eco s05 tos Bs ea Se oe ae ka ee 47 

Pronotal lobe with peg-like projection; median scutal groove reaching admedian lines; 

notauli often elongate, attenuating near posterior scutal EMCI PLU sins vocals, cet ane rn ee 

ee esata = Fund Bast oe ak ay eal ote rele as, te aad wreath ae Boch ER eee ee 4. ceromus new species 

Pronotal lobe acute or dorsally flattened, wing-like; scutal grooves variable (Fig. 55) ... 46 

Median scutal groove reaching admedian lines; notauli elongate (Fig. 39); pronotal lobes 

sometimes dorsally flattened (Fig. 38); Peru, Colombia ...... 11. kunkopteryx new species 

Median scutal groove and notauli short, incomplete (Fig. 55); pronotal lobe conical, acute; 

Venezuela, Colombia, Bolivia, Brazil (Mato Grosso, Minas Gerais, Pernambuco, Rio de 

PACU) shh in. 84.5 pa wk coma eeas aati DORE Hs, 2y eet 14. mytior new species 

Scutum with 3 complete grooves, notauli reaching posterior scutal margin (Fig. 27); scu- 

tum shiny, microsculptured usually along anterior margin only ...............--+-- 48 

Scutum with at most median groove complete (Fig. 67), notauli short; scutum usually 

BURG) OSC MUORUL CEN: 2 5s, 1-2 Dela 35. gain don, Woo 948 dln, a gpeeh aoe are ote deeeaatara et tee 49 

Vertex anterolaterally to mid ocellus shiny, without microsculpture (Fig. 25); Colombia, 

Ecuador, Peru, Bolivia, Brazil (Mato Grosso, Para) .............2-e00- 9. inti Finnamore 

Vertex anterolaterally to mid ocellus dull, microsculptured (Fig. 33); Peru, Bolivia, Para- 

guay, Brazil (Bahia, Goias, Mato Grosso, Sao Paulo) .............. 10. iphis new species 

Lower hypoepimeral area shiny, without microsculpture; mid mesopleural area shiny and 

relatively large due to moderate and small size of foveae of scrobal sulcus, hyperster- 

naulus and omaulus (Fig. 68); occipital carina not raised ventrally (Fig. 68); antenna be- 

yond flagellomere II blackened, apical flagellomeres black; clypeal setae sparse, not ob- 

scuring underlying sculpture and clypeus punctures widely scattered (Fig. 66); Argentina, 

Bolivia; Brazil (SaOr alo Wits aesids otras SG Ale 4 Sc ie ede dy hws ORM 16. paranicus new species 
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49’ Lower hypoepimeral area and mid mesopleural area microsculptured or shiny, the latter 

relatively small due to comparatively large size of foveae of scrobal sulcus, hyperster- 

naulus and omaulus (Fig. 64); occipital carina often slightly raised ventrally (Fig. 64); 

antenna usually yellow to brown, seldom blackened; clypeal setae variable, scattered and 

not obscuring underlying microsculpture, to dense and obscuring underlying sculpture 

(Fig. 62); Mexico to Argentina PasGone ee eta ue Gea cde tSchs, Se -°a eS! 6 a le, yan eaag eae 50 

50 Head and mesosoma extensively microsculptured, usually entirely; scutum punctate, of- 

ten obscurely; clypeal setae sparse, not obscuring sculpture; Argentina, Bolivia, se. Brazil 
1. aylaxiter new species 

50’ Vertex adjacent to ocelli, scutum, lower hypoepimeral area and mesopleuron often shin- 

ing (Fig. 64); scutum punctate to coarsely striatopunctate (Fig. 63); clypeal sculpture often 
obscured by dense appressed setae (Fig. 62) pkne dae SENS cugiete tome oe 3 See Pim eee mene al 

51 Micropore field of vertex small, elongate-triangular, usually much longer than wide, 

width about '/, ocellocular distance or less (Fig. 61); clypeus usually concealed by dense 
appressed setae (Fig. 62); USA (Texas) to Argentina 15. neotropicus (Kohl) 

51’ Micropore patch of vertex large, circular, extending about half ocellocular distance; clyp- 
eus with sparse setae that do not obscure sculpture; se. Brazil 

1. Incastigmus aylaxiter Finnamore 
new species 

Derivation of Name.—The species epithet 
is derived from two Greek words, aylax, 
meaning groove, and iter, meaning pas- 

sage, in reference to the median scutal 
groove found in this species. 

Diagnosis.—Males of aylaxiter can be rec- 
ognized on the basis of the narrow linear 
micropore field between the compound 
eye and lateral ocellus, flagellomeres with- 
out a ventral setal brush, tylus on flagel- 
lomere XI imparting an asymmetrical ap- 

pearance, and the rounded pronotal lobe. 

Females are difficult to recognize, but the 
following combination of characters 
should prove useful: median clypeal lobe 
with 2 narrowly separated subapical pits, 
clypeus not obscured by appressed setae, 
vertex microsculptured throughout, scu- 
tum with median groove not reaching ad- 
median lines, notauli short and not reach- 

ing scutal midlength, pronotal lobe round- 
ed and white, hypoepimeral area micro- 

sculptured throughout, and metasomal 

tergum 1 shiny. This species most resem- 
bles paranicus and neotropicus. Males are 
easily distinguished from other species us- 
ing the diagnostic characters. Females of 
aylaxiter are separated from paranicus on 

21. sunicerus new species 

the basis of the entirely microsculptured 
hypoepimeral area (in paranicus the lower 
hypoepimeral area is shiny), and separat- 
ed from neotropicus on the basis of the less 
extensively setose clypeus (clypeus usu- 

ally obscured by relatively dense ap- 
pressed setae in neotropicus) and by its dis- 
tribution which is apparently restricted to 
the Southern half of South America, 
whereas neotropicus ranges from Argenti- 

na to USA (Texas). 

Male.—Length 3.5-4.0 mm. HEAD. Fla- 
gellomeres without ventral brush of setae; 
narrow linear tyli present on flagellomeres 
I to XI, tylus on flagellomere XI imparting 
asymmetrical appearance and truncate tip; 
flagellomere I length 1.3 * maximum 
width as measured with tylus in profile; 

flagellomere X length 1.1 x maximum 

width as measured with tylus in profile. 
Clypeus obscured by dense appressed se- 
tae which extend up frons along inner 
margins of eyes to slightly less than height 
of scape; frons, vertex and gena entirely 

microsculptured; punctures of frons 

sparse, irregular, 2 or more diameters 

apart; punctures of gena obscured, more 

regular in ventral region, 3 or more di- 

ameters apart, without ventral tooth or 
swelling; narrow linear micropore field 
present between compound eye and lat- 
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eral ocellus, without depression behind it; 
OOD 1.4 x LOD. MEsosoMa. Transverse 
pronotal carina forming a right angle at 
humeral angle, toothed ventrally; trans- 

verse pronotal groove longitudinally stri- 
ate; pronotal lobe rounded, with weak an- 

terior carina; lateral pronotal area longi- 
tudinally striate. Scutum uniformly mi- 

crosculptured with sparse, irregular 
punctures, 2 or more diameters apart in 

mid region; median scutal groove extend- 
ing to scutal midlength, but not reaching 
admedian lines; notauli attenuated near 
scutal midlength; posterior margin of scu- 
tum with a series of short irregular striae. 
Scutellum microsculptured with faint me- 
dian groove and several punctures in lat- 
eral area. Setae of preomaular area sparse, 
not obscuring sculpture. Mesopleuron mi- 
crosculptured, punctures not evident; hy- 
persternaulus, scrobal sulcus, and omau- 

lus foveolate. Metapleuron microsculp- 
tured with longitudinal striae along pos- 
terior margin. Propodeum shiny, with 

weak microsculpture, areolate, except for 
shiny, partially striate region adjacent to 
metapleuron; propodeal enclosure defined 

by raised carina separating it from the lat- 
eral sphere. METASOMA. First tergum 
shiny, without microsculpture, with mi- 

nute, sparse punctures; succeeding terga 

with an oily sheen, with relatively larger 
punctures, 5 or more diameters apart. 

Sterna shiny, with oily sheen, with sparse 

punctures on basal sterna, but reaching 

greatest density on sternum VI where they 
are about 1 diameter apart. CoLor. Black. 

White: mandible, basal half; pronotal lobe. 
Yellow-brown: palpi; mandible, except 
base and apex; antenna, except flagellom- 

eres VI-XI; tegula; fore leg, except coxa 

and femur; mid leg, except coxa and fe- 

mur; hind trochanter and hind tarsus. 

Female-—Length 4.0-5.0 mm. Similar to 
male except as follows: flagellomeres 
without tyli or specialized setae; flagel- 
lomere I length 1.7 * maximum width; 

clypeus shiny, setae more dense than in 
other species, but not obscuring sculpture, 
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with punctures on median area | to 2 di- 

ameters apart; median clypeal lobe with 2 

teeth separated by narrow emargination 
and a pair of narrowly separated subapi- 
cal pits; sculpture of frons along inner 
margin of eyes not obscured by appressed 
setae; micropore field present as an elon- 

gate triangle between compound eye and 
lateral ocellus; OOD 1.8 k LOD. 

Material Examined.—70 3, 119 °. HO- 

LOTYPE MALE: Brazil: M.G. Ouro Preto 

IV-1954 N.L.H. Krauss (USNM). Para- 

types: ARGENTINA: Buenos Aires: 

Buenos Aires: 18-IV-1912 J.B. (1¢ MACN); 

4-V-1912 J.B. (12 MACN); 2-V-1915 J.B. 

(16 MACN); Moreno, Fritz (22  IIES). 

Punta Lara 26-I-1968 H. & M. Townes (14 

AEIC). Catamarca: La Merced 26-VIII- 

1968 L. Pena (16 AEIC). Palo Labrado 27- 

IH-1971 Fidalgo (1d IMLA). Cordoba/Ca- 
tamarca: Cordoba, Copacabana Fritz (2d 

IIES). Jujuy: Ledesma Fritz (1¢6 IES). Per- 

ico del Carmen 21-X-1968 L. Pena (4¢ 

CNCI). La Rioja: Cuesta de Miranda 

2020m 15-XII-1971 Stange—Porter (1d 

IMLA). Salta: Cachi 20-22-I-1966 C. Porter 

(1d MCZC). Magdalena 23-I-1966 H. & M. 

Townes (12 AEIC). Oran, Abra Grande 

18-25-X-1968 C. Porter (1d MCZC). Poci- 

tos XII-1972 Fritz (1d HES); XII-1971 Fritz 

(1d HES). Rosario Lerma X-1984 Fritz (3¢ 

HES). Tartagal A. Martines (1d IIES). Tuc- 

uman: Amaicha del Valle: 28-XII-1965 H. 

& M. Townes (1d AEIC); 29-XII-1965 H. 

& M. Townes (26 AEIC); 9-III-1966 Gar- 

cia—Porter (1d MCZC). Cuidad Tucuman 

24-II-1952 A. Ogloblin (1¢ IIES); [no date] 

Ogloblin (1d IES); 1-1906 Vezenvi (1° 

HNHM); Tucuman, Horco Molle 10-XI- 

1967 C. Porter (1d MCZC). BOLIVIA: (22 

NHMW). Rio Beni, [Rurrenabanque] X 

W.M. Mann, Mulford Bio. Expl. 1921-22 
(1d USNM). El Beni: Cochabamba 10—4— 

1957 (22 FSAG). BRAZIL: [Brazilien] Fritz 

Muller, coll. G. Mayr (12 NHMW). Ama- 

zonas: R. Japura 13-IX-1904 Ducke (12 

MPEG). Bahia: [Bim Fim] 21-XI-1907 (1° 

CMNH). [Liagoa Feia] 9-VI-1908 (1° 

CMNH). Maranhao: [Varanahao Codo] 
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17-VI-1901 Ducke (12 MPEG). Minas 

Gerais: Barbecena 23-X-1905 Ducke (1° 

MPEG). Parana: Campina Grande nr. Cur- 
itiba 10-II-1966 H.& M. Townes (12 

AEIC). Rio de Janeiro: Parque Nacional 
Serra da Bocaina, S.J. Barreiros: 4-7-XI- 

1967 1600m Alvarenga & Seabra (1d 1° 
AEIC); XI-1968 1650m Alvarenga & Seabra 
(1d 62 AEIC); 13-17-I-1969 1600m Porter 

& Garcia (1d MCZC); IV-1969 800m F.M. 

Oliviera (22 AEIC); XI-1969 800m F.M. 

Oliviera (12 AEIC). Rio de Janeiro (1° 

CMNH). Rio de Janeiro, Theresopolis: 9- 

X-1923 W.S. Bristowe B.M. 1967-510 (1d 

BMNH); 12-IH-1966 H. & M. Townes (22 

AEIC). Santa Catarina: Nova Teutonia: 

27 1l’B 52°23'L F..Plaumann (various 

dates) 1935-1967 (10d 102 BMNH, 2¢ 

lof MCZE te 32. OSU); 27°11" B 

52°23'L IX-1967 300-500m F. Plaumann 

(12 MCZC); 27°11'B 52°23’L VI-1968 300- 

500m F. Plaumann (1d MCZC). Sao Pau- 

lo: S. Bocaina III-1973 (22 PMAE). Sado 

Paulo 1928 Bury J. Gyorgy (12 HNHM); 

(various dates) 1968-1969 V.N. Alin (1d 

172 USNM); (various dates) 1969-1982 

(21d 412 ZMUM). 

2. Incastigmus caelukhus Finnamore 
new species 

Derivation of Name.—The name caelukhus 
is derived from two words, the Latin caelo, 

meaning to engrave, and the Quichuan 

term, ukhu, meaning body, in reference to 
the striatopunctate scutum of this species. 

Diagnosis.—Males of this species can be 
recognized by the irregularly ridged, stria- 
topunctate scutum with complete or near- 
ly complete median scutal groove and no- 
tauli, the uniformly microsculptured frons 

and vertex, and the ventral brush of setae 

on the flagellomeres. Females can also be 
recognized by the ridged, striatopunctate 
sculpture of the scutum, the uniformly mi- 
crosculptured frons and vertex, and the 
semicircular depression on the median 
clypeal lobe from which long setae arise. 

Male.—Length 3.5-4.0 mm. HEAD. Fla- 
gellomeres with a ventral brush of short 
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fine setae, tyli absent; flagellomere I length 
1.8 X apical width; flagellomere X length 

1.2 X apical width; flagellomere XI 

straight, cylindrical, apex conical. Clypeus 
obscured by dense appressed setae which 
extend up frons along inner eye margin to 
height of antennal socket; frons and vertex 
dull, microsculptured, with sparse, irreg- 

ular, punctures, 3 or diameters 

apart; gena microsculptured, obscurely 

punctate, without ventral tooth or swell- 
ing; micropore field present between com- 
pound eye and lateral ocellus, without de- 
pression behind it; lateral ocelli closer to 
each other than to eyes; OOD 1.3 « LOD. 
MESOSOMA. Transverse pronotal carina 
ending in a right angle at humeral angle, 
toothed ventrally; transverse groove lon- 
gitudinally striate; pronotal lobe rounded 
without anterior carina; lateral pronotal 
area longitudinally striate. Scutum ridged, 
striatopunctate, less so on lateral areas, 
microsculptured on anterior third, other- 
wise shiny; median scutal groove contig- 
uous with admedian lines, notauli contin- 
uous to posterior margin. Scutellum mi- 
crosculptured, with median sulcus, and 

scattered lateral punctures. Preomaular 
area anteriorly with sparse setae, sculp- 
ture visible. Mesopleuron with weak mi- 
crosculpture, mostly shiny; hypersternau- 
lus, scrobal sulcus, and omaulus, coarsely 

foveolate. Metapleuron shiny, weakly mi- 
crosculptured, with short longitudinal 
striae along posterior margin. Propodeum 

shiny, coarsely areolate, except area adja- 
cent to metapleuron which is shiny, un- 
sculptured; propodeal enclosure not dif- 
ferentiated from lateral spheres. METASO- 
MA. Terga shiny with an oily sheen, with 

minute, obscure, punctures; sterna shiny, 
sparsely punctate, with punctures not in- 

creasing in density on posterior sterna. 

CoLtor. Black. White: mandible, except 
apex; pronotal lobe. Yellow-brown: palpi; 

antenna; tegula; fore leg, except coxa; mid 

leg, except coxa; hind trochanter and tar- 

more 

SUS. 
Female.—Length 4.0-4.5 mm. Similar to 
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male except as follows: flagellomere I 
length 1.3 < apical width. Clypeus shiny, 
sparsely punctate and sparsely setose; me- 
dian clypeal lobe truncate, without teeth, 

with a large subapical semicircular de- 
pression from which a pair of long setae 
arise; frons along inner eye margin ob- 

scured by appressed setae; OOD 1.7 x 
LOD; color as in male, except 1 specimen 
which has a red prothorax. 

Material Examined.—3 3, 2 2. HOLO- 

TYPE FEMALE; Peru: 10km 5. Chiclayo 

19-III-1951 Ross & Michelbacher (CASC). 

Paratypes: PERU: 10km S. [Chiclayo] 19- 

111-1951 Ross & Michelbacher (23 CASC). 

Lambayeque: 18km E. Olmos 22-VIH]-1982 
R.B. Miller, L.A. Stange (12 FSCA). Piura: 

Piura 1-XI-1910-7-I-1911 C.H. Townsend, 

Leher (16 USNM). 

3. Incastigmus cearaensis Finnamore 

new species 
Figs. 1-4 

Derivation of Name.—Cearaensis is named 

in reference to the state of Ceara in Brazil, 
from where most of the specimens in this 
study have been collected. 

Diagnosis.—The narrow hypersternau- 
lus and the presence of tyli on flagellom- 
eres III to V will distinguish the male of 
this species from others in the genus. The 
female is unknown. 

Male.—Length 3.5-4.0 mm. HEAD. Fla- 

gellomeres without specialized setae; lin- 
ear tyli present on flagellomeres I to V or 
VI; flagellomere I length 1.5 x apical 
width; flagellomere X length 1.3 X apical 
width; flagellomere XI straight, cylindri- 

cal, apex conical. Clypeus obscured by 
dense appressed setae which extend up 
frons along inner margin of eye to about 

height of antennal socket; head entirely 
microsculptured, slightly less so on vertex; 
punctures strong, sparse, three or more di- 

ameters apart on vertex; gena microsculp- 

tured, with punctures in lower area 3 or 

more diameters apart, without ventral 
tooth or swelling; small oval micropore 
field evident between compound eye and 
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lateral ocellus; without depression behind 
it; lateral ocelli slightly closer to eyes than 
to each other; OOD 1.4 * LOD. MEsoso- 

MA. Transverse pronotal carina toothed at 
humeral angle, and toothed ventrally; 
transverse pronotal groove longitudinally 
striate; pronotal lobe rounded, without an- 
terior carina; lateral pronotal area longi- 

tudinally striate. Scutum microsculptured, 
dull, with several longitudinal striae along 

posterior margin; notauli attenuated near 

scutal midlength; median scutal groove 
present posteriorly, attenuated near scutal 

midlength; scutal punctures strong, 

sparse, 1 or more diameters apart. Scutel- 
lum microsculptured, with several punc- 

tures in median lateral area. Preomaular 

area anteriorly with sculpture visible and 
sparse setae. Mesopleuron microsculp- 

tured, dull, with sparse, obscure, punc- 

tures; hypersternaulus narrow, linear, 
with relatively fine foveae; scrobal sulcus, 

and omaulus coarsely foveolate; meta- 

pleuron dull, microsculptured, with sev- 

eral short longitudinal striae along poste- 
rior margin. Propodeum shiny, with weak 

microsculpture, coarsely areolate, except 
area adjacent to metapleuron which has 

fine microstriate sculpture; propodeal en- 
closure not differentiated from lateral 

spheres. METASOMA. Tergum I shiny with 

weak microsculpture; succeeding terga 
with oily sheen, punctures sparse, ob- 
scure, many diameters apart. Sterna shiny 
with weak microsculpture imparting an 

oily sheen, punctures obscure, sparse, 3 or 
more diameters apart. COLOR. Black. 

White: pronotal lobe. Yellow-brown: pal- 

pi; mandible, except apex; antenna; fore 

leg, except coxa; mid leg, except. coxa; 
hind tarsus; apical sterna. 
Female.—Unknown. 

Material Examined.—4 3. HOLOTYPE 

MALE: Brazil: SP, Faz. Campininas, Mogi 

Guacu 29-31-XII-1969 JM & BA Campbell 
(CNCI). Paratypes: BRAZIL: Ceara: Ser- 

rado Araripe, Crato V-1969 M. Alvarenga 
(35 PMAE). 
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Figs. 1-4. Incastigmus cearaensis }. 1, Mid flagellomeres of antenna. 2, Head, dorsal; arrow indicates micro- 

pore field. 3, Mesosoma, dorsal. 4, Mesosoma, lateral (tooth on mesopleuron is an artifact) 

4. Incastigmus ceromus Finnamore 
new species 

Derivation of Name.—The species epithet 
is a derivation of two Greek words, keros, 

meaning horn, and omos, meaning shoul- 
der, in reference to the peg-like pronotal 
lobe of this species. 

Diagnosis.—This species has the greatest 
development of the pronotal lobe of any 
species in the genus. The blunt, peg-like 
pronotal lobe in both males and females 

separates ceromus from all other Incastig- 

mus. In addition, the male pronotal lobe is 

brown, and the vertex has a linear micro- 

pore field between the compound eye and 

lateral ocellus; in the female the micropore 

field is an elongate triangle, the pronotal 

lobe is white, and notauli do not reach the 

posterior scutal margin, but attenuate on 

the posterior halt of the scutum. 

Male.—Length 4.5 mm. HEAD. Flagel- 

lomeres setose throughout, but without 

specialized ventral brush of setae, at most 

with a few specialized setae on the apices 
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of the flagellomeres; all flagellomeres with 
linear tyli; tylus on flagellomere XI im- 
parting a slight asymmetrical appearance 
and blunt tip; flagellomere I length 1.2 x 

maximum width as measured with tylus 
in profile; flagellomere X length 1.2 x 
maximum width as measured with tylus 
in profile. Clypeus obscured by dense ap- 
pressed setae which extend up frons along 
inner margins of eyes to approximately 

half height of scape; frons coarsely mi- 
crosculptured, somewhat shiny anterior to 
ocelli and on vertex; punctures of upper 
frons and vertex sparse, irregular, 3 or 
more diameters apart; vertex, posterior to 

ocelli, microstriate; gena microsculptured, 

longitudinally striate on lower half, with- 

out ventral tooth or swelling; linear micro- 

pore field present between compound eye 
and lateral ocellus; without depression be- 
hind it; OOD 1.7 x LOD. MESOSOMA. 
Transverse pronotal carina toothed at hu- 
meral angle and toothed ventrally; trans- 
verse pronotal groove longitudinally stri- 
ate; pronotal lobe produced as blunt peg- 
like projection with strong anterior carina; 

lateral area of pronotum longitudinally 
striate. Scutum microsculptured, punc- 

tures small, sparse, irregular, 1 to many 

diameters apart in midregion; notauli ex- 

tending to near scutal midlength, attenu- 
ating on posterior half, not reaching pos- 
terior margin; median scutal groove atten- 

uating at admedian lines; posterior mar- 

gin of scutum with a series of ridges 
extending to posterior quarter of scutum. 
Scutellum microsculptured, with median 
longitudinal sulcus and sparse scattered 
punctures. Sculpture of preomaular area 
not obscured by setae. Mesopleuron with 
microsculpture in dorsal region, shiny, 

weakly microsculptured ventrally; hyper- 
sternaulus, scrobal sulcus, and omaulus 

coarsely foveolate. Metapleuron micro- 

sculptured, with several longitudinal stri- 
ae along posterior margin. Propodeum 
shiny, without microsculpture, areolate 

except small microstriate region adjacent 

to metapleuron; propodeal enclosure not 
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differentiated from lateral spheres. META- 
SOMA. First tergum shiny with minute ob- 
scure punctures; succeeding terga with an 
oily sheen, punctures sparse, minute, ob- 
scure. Sterna shiny, with oily sheen, punc- 

tures sparse on basal sterna, not increasing 

in density until sternum VI where they are 
about 2 diameters apart in median region. 

CoLor. Black. Yellow-brown: palpi; man- 

dibles, except apex; antenna, except apical 

flagellomeres; tegula; pronotal lobe; fore 
leg, except coxa; mid leg, except coxa; 
hind tarsus; apical sternum and tergum. 

Female.—Length 4.0-5.0 mm. Similar to 

male except as follows: flagellomeres 
without tyli or specialized setae; flagel- 

lomere | length 1.5 * maximum width; 

clypeus shiny, with weak microsculpture, 
punctures sparse in median region and 1 

or more diameters apart; median clypeal 

lobe with 2 blunt teeth separated by a 

shallow notch, and with 2 narrowly sep- 

arated subapical pits; sculpture of frons 
along inner margins of eyes not obscured 
by setae; upper frons and vertex more 

shiny than in male, microstriae not as ev- 

ident; gena more shiny than in male, mi- 

crosculpture weak ventrally, longitudinal 
striae on lower half present to absent; mi- 

cropore field present as an elongate tri- 

angle between compound eye and lateral 

ocellus; OOD 2.2 x LOD; scutum with 

weak microsculpture on posterior half, 

more shiny than in male; pronotal lobe 

white. 

Material Examined.—2 3, 7 2. HOLO- 

TYPE MALE: Peru: Carpish Mts. 40mi S. 

Tingo Maria 28-XII-1954 E.I. Schlinger & 
E.S. Ross (CASC). Paratypes: PERU: Cuz- 

co: Rio Urubamba 3km above Machu Pic- 

chu 2050m 18-IV-1983 C. & M. Vardy B.M. 
1983-217 (12 BMNH). Machu Picchu mu- 

seum 1,385m 11-14-VIII-1971 C. & M. Var- 

dy B.M. 1971-533 (12 BMNH). Agua Cal- 

liente 21-28-XII-1983 (12 PMAE). Huanu- 

co: Carpish Mts. 40mi S. Tingo Maria 28- 
XTI-1954 Bul. Schlingers & ES. ‘Rossate= 
CASC). 26mi E. Tingo Maria 10-XH-1954 

1100m Esl. Schlinger & 5:5, ‘Koss: (1¢ 
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Figs. 5-8. 

Mesosoma, dorsal. 

CASC). Pasco: Oxapampa 2,200m_ 7-ILI- 

1979 M. Cooper B.M: 1979-216 (19 

BMNH). 

5. Incastigmus chincha Finnamore 
new species 

Figs. 5-3 

Derivation of Name.—Chincha is a Que- 
chuan term, meaning northern in refer- 

ence to the distribution of this species in 
the northern part of South America. 

Diagnosis.—Males of this species can be 

Incastigmus chincha 2.5, Head, dorsal. 6, Clypeus, oblique dorsal view. 7, Mesosoma, lateral. 8, 

recognized on the basis of the short me- 

dian scutal the dark, toothed 

pronotal lobe, and the absence of a de- 

groove, 

pression posterior to the micropore field. 

Females can be recognized on the basis of 

the short median scutal groove, the dark, 

toothed pronotal lobe, and the acute lat- 

eral tooth on the apical margin of the clyp- 

eus. 
Male.—Length 4.0 mm. HEAD. Flagel- 

lomeres without a brush of specialized 

setae or tyli; flagellomere I length 1.6 
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apical width; flagellomere X length 1.3 x 
apical width; flagellomere XI straight, 

cylindrical, apex conical. Clypeus ob- 
scured by dense appressed setae which 
extend up frons along inner margin of 
eyes to a point about twice the height of 
antennal socket. Frons microsculptured, 

punctures not evident; vertex shiny, 

with microsculpture and punctures scat- 
tered, sparse, many diameters part; gena 

microsculptured, more shiny than ver- 

tex, sparse punctures more evident ven- 

trally, without ventral tooth or swelling; 

lateral ocelli closer to each other than to 

compound eyes; OOD 1.5 x LOD. ME- 

SOSOMA. Transverse pronotal carina 

toothed at humeral angle and toothed 
ventrally, transverse pronotal groove 

longitudinally striate, pronotal lobe with 
anterior carina ending in acute tooth; lat- 

eral region of pronotum longitudinally 
striate. Scutum microsculptured, some- 
what shiny; punctures coarse, sparse, 3 
or more diameters apart; notauli present 
anteriorly, attenuated posteriorly near 
scutal midlength, median groove present 

posteriorly, attenuated anteriorly, not 

reaching admedian lines; posterior mar- 

gin of scutum with a series of short ridg- 
es parallel to, but shorter than, median 

groove. Scutellum microsculptured, with 

several punctures in median area, and a 

median longitudinal sulcus. Mesopleu- 
ron entirely microsculptured, apparently 
impunctate; preomaular area anteriorly 

with sculpture evident, setae sparse; hy- 

persternaulus, scrobal sulcus, and omau- 

lus coarsely foveolate. Metapleuron 
coarsely microsculptured with several 
longitudinal striae. Propodeum shiny, 
with weak microsculpture, coarsely are- 

olate throughout, except area adjacent to 
metapleuron which is longitudinally 
striate; propodeal enclosure not differ- 

entiated from lateral spheres. METASO- 
MA. Tergum I shiny, without microsculp- 
ture, punctures sparse, obscure. Terga 

beyond first tergum with oily sheen. 
Sterna shiny, with weak microsculpture; 
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punctures sparse, becoming increasingly 
dense on more posterior sterna; punc- 

tures of sternum VI about 1.5 diameters 

apart. COLOR. Black. Yellow-brown: pal- 
pi; mandible, except apically; antennae 

except apical flagellomeres; tegula; pron- 
otal lobe; fore leg, except coxa; mid leg, 

except coxa; hind tarsus, hind trochan- 

ter, and apex of hind tibia; sterna VI to 

VIII. 
Female.—Length 4.5-5.5 mm. Similar to 

male except as follows: flagellomere I 

length 1.8 * apical width; clypeus shiny 
with punctures sparse, more than 5 di- 
ameters apart medially; median clypeal 

lobe reduced to a narrowly rounded pro- 
trusion, median teeth not evident and me- 

dian lobe with a pair of subapical circular 

pits from which several long setae arise; 

acute lateral tooth present on clypeal mar- 
gin, situated below antennal socket; frons 

along inner eye margin not obscured by 

appressed setae. OOD 2.2 * LOD. Scutum 
and mesopleuron generally with less mi- 
crosculpture, more shiny. 

Material Examined.—2 3 13 °. HOLO- 

TYPE FEMALE} Venezuela: Aragua, 

Rancho Grande, Portachuelo 1100m 22- 

V-1981 J.L. Garcia & J. Clavijos (IZAV). 

Paratypes: ECUADOR: Pichincha: Tin- 

alandia 800m II-1983 M. Sharkey & L. 

Masner (22 PMAE). 16km SE. Sto. Do- 

mingo 500m Tinalandia 4-14-VI-1976 S. 

& J. Peck (12 CNCI). VENEZUELA: Ar- 
agua: Rancho Grande, Portachuelo: 

1100m 21-V-1981 J.L. Garcia & J. Clavijos 
(lg 22 -IZAV); 1100m, 22-V-1981 , JI: 

Garcia & J. Clavijos (3° IZAV). Bolivar: 

Kavanayen 20-X-1972 J. & B. Bechyne 

(12 IZAV). Falcon: [Cerrogalicia] 1500m 

3-XII-1971 J. & B. Bechyne (12 IZAV). 

Cerro Galicia 1500m 19-XI-1971 J. & B. 

Bechyne (12 IZAV). Lara: Cubiro 6-V- 
1981 H.K. Townes (1¢ AEIC). Merida: 

Valle Grande 23-VII-1988 C. Porter & L. 

Stange (1° FSCA). Trujillo: La Mesa 26- 

VII-1966 J. & B. Bechyne (12 IZAV). 
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6. Incastigmus hexagonalis (Fox) 
new combination 

Pigs. 9-12 

Stigmus hexagonalis Fox 1897:379. Lectotype, fe- 
male CMNH. Brazil: Chapada, Dec; exam- 

ined. 

Diagnosis.—Both sexes can be easily rec- 
ognized by the tooth-like projection on the 
ventral gena near the hypostomal carina. 
Females can be distinguished from female 
prophorodontis, which also have a small 

tooth-like swelling on the lower gena, by 
the presence of a pair of teeth on the me- 
dian clypeal lobe; female prophorodontis 
have a truncate median clypeal lobe, with- 
out teeth. 
Male.—Length 3.5-4.2 mm. HEAD. Fla- 

gellomeres without tyli, but with a ventral 

brush of setae; flagellomere I length 2.0 x 
apical width; flagellomere X length 1.2 x 

apical width; flagellomere XI straight, cy- 

lindrical, apex conical. Frons and clypeus 
with uniform microsculpture; vertex and 
gena shiny, with sparse punctures sepa- 

rated by 5 or more puncture diameters. 
Clypeus obscured by dense setae which 
extend up frons along eye margin to 
height of antennal socket. Gena shiny, 
without microsculpture, sparsely punc- 
tate, not striate, and with prominent ven- 
tral tooth-like swelling. Micropore field 
present as a discrete oval patch on vertex 

between lateral ocellus and compound 
eye, without a depression behind it. Ocelli 
closer to each other than to eyes. OOD 1.6 
x LOD. MEsosoMA. Transverse pronotal 
carina with prominent tooth at humeral 
angle and prominent ventral tooth; trans- 
verse pronotal groove with several longi- 
tudinal striae. Pronotal lobe tooth-like, 
conical. Pronotum laterally striate. Scutum 
shiny, with microsculpture anteriorly. No- 
tauli well developed, present on anterior 

half of scutum. Median groove of scutum 
well developed and complete, or some- 
times attenuated anteriorly between ad- 
median lines, broadened posteriorly. Pos- 

terior margin of scutum with several short 
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parallel striae on each side of the median 
groove. Scutellum shiny, with weak mi- 
crosculpture, generally impunctate, but a 
small group of punctures present laterally. 
Mesopleuron shiny, without microsculp- 

ture, impunctate. Preomaular area anteri- 

orly with sparse setae. Hypersternaulus 
coarsely foveolate, often with only two 
large foveae. Scrobal sulcus and omaulus 

coarsely foveolate. Metapleuron weakly 
microsculptured on ventral half, other- 
wise shiny, impunctate. Propodeum 

shiny, without microsculpture; propodeal 
enclosure and lateral spheres not differ- 
entiated, coarsely areolate throughout, ex- 
cept basal area adjacent to metapleuron 
which is smooth and shiny, without sculp- 
ture. METASOMA. Terga shiny, without mi- 
crosculpture; punctures sparse, obscure. 
Sterna shiny; punctures sparse, weak. 
CoLor. Black. Yellow-brown: antenna, ex- 

cept dorsal apex of flagellum; mandible, 
except apex; palpi; tegula; fore and mid 
legs, except coxae; hind coxal apex, hind 
trochanter, hind tibia ventrally, and hind 

tarsus. 

Female.—Length 4.0-5.25 mm. Similar to 
male except as follows: flagellomere | 
length 2.25 x apical width. Clypeus shiny, 
without appressed setae, sparsely to 
densely punctate; median clypeal lobe 
with a pair of teeth separated by a deep 
U-shaped emargination; the base of each 

tooth bears a large pit from which arises 
an elongate seta. Lower gena with a prom- 

inent tooth-like swelling. OOD 2.4 x LOD. 
Occipital carina simple, not foveolate. Col- 
or as in male for the dark form, except 
pronotum, scutum, scutellum, and upper 
mesopleural area, orange-red in light 

form. 
Material Examined.—3 6, 28 °°. CO- 

LOMBIA: Caqueta: Yuruyaco, 73km SW. 

Florencia (BMNH). Meta: Rio Duda 

(BMNH). Putumayo: Moco. (BMNH); Mo- 

coa, 8mi S. Puerto Assis 350m (BMNH). 

Villa Garzon (BMNH). ECUADOR: Mo- 
rona: Macas, 6km E. Santiago, Cord. Cu- 
tucu (BMNH). Napo: Limoncocha (on Rio 
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Figs. 9-12. Incastigmus hexagonalis 2.9, Head, dorsal. 10, Head, frontal. 11, Mesosoma, lateral. 12, Mesosoma, 

dorsal. 12a, Head, lateral, with arrow indicating genal tooth. 



VOLUME 11, NUMBER 1, 2002 

Napo) (12 FSCA). Misahualli (12 PMAE). 

Tena (12 PMAE). PERU: [Chanchamayo] 

(BMNH). Colonia: Junin (BMNH). La 

Merced, 18 mi NE. Perene, Rio Perene (1 2 

CASC). Huanuco: Tingo Maria (BMNH). 

Junin: Paratuchali (12° PMAE). Satipo 
(BMNH). Loreto: Iquitos, Barillal (1° 

PMAE). BRAZIL: [Chapada] (3 2 CMNH). 

[Corumba] (12 CMNH). [Santarem] (1° 

USNM). Mato Grosso: 12°50'S 51°47'W 

(BMNH). Cerrado (BMNH). 

7. Incastigmus ictericornis Finnamore 
new species 

Figs. 13-20 

Derivation of Name.—The name ictericor- 
nis is derived from the Greek ikterikos, 
meaning yellowish, and the Latin cornu, 

meaning horn, in reference to the yellow- 

ish antenna of this species. 
Diagnosis.—Females are easily distin- 

guished from other species by the follow- 
ing combination of characters: the median 
lobe of the clypeus has a subapical semi- 
circular depression with several long se- 
tae, the pronotal lobe is rounded, and the 

scutal punctures are normal, not striato- 

punctate. Males are not easily separated 
from other species, but the following char- 
acters will be of some assistance: the fla- 
gellum without ventral brush of setae or 
tyli, and flagellomeres I and X length less 

than 2 < apical width, the gena without 

ventral tooth or swelling, mesosoma 
black, pronotal lobe rounded, median 

groove of scutum reaching admedian 
lines, and tergum I of metasoma shiny, 

without microsculpture. 
Male.—Length 4.0-4.5 mm. HEAD. Fla- 

gellomeres without tyli or specialized se- 
tae ventrally; flagellomere I length 1.6 
apical width; flagellomere X length 1.3 x 

apical width; flagellomere XI straight, cy- 
lindrical, apex conical; clypeus obscured 
by dense appressed setae which extend up 
frons along inner eye margin to half the 
height of scape; frons microsculptured, 
punctures obscure; vertex shiny, weakly 
microsculptured, punctures irregular, 2 or 

29 

more diameters apart; gena without ven- 

tral tooth or swelling, microsculptured, 
punctures obscure and scattered; micro- 

pore field present as an oval patch be- 
tween compound eye and ocellus, without 
depression behind it; lateral ocelli closer to 

each other than to compound eye; OOD 

1.4 x LOD. MEsosoMa. Transverse pron- 

otal carina toothed at humeral angle, and 
toothed ventrally; transverse pronotal 
groove longitudinally striate; pronotal 

lobe rounded, without anterior carina; lat- 
eral region of pronotum longitudinally 
striate. Scutum microsculptured through- 
out, punctures irregular, 1 or more diam- 
eters apart; notauli usually attenuating 
about scutal midlength, in some speci- 
mens notauli reach posterior quarter of 
scutum; median scutal groove reaching 
admedian lines. Scutellum microsculp- 
tured, with median longitudinal sulcus, 

and several punctures laterally. Preomau- 
lar area anteriorly with sparse setae that 
do not obscure sculpture. Mesopleuron 
microsculptured on hypoepimeral area, 
shiny with less microsculpture on ventral 
regions; hypersternaulus, scrobal sulcus, 
and omaulus coarsely foveolate; meso- 
pleuron microsculptured, with several 

short longitudinal striae along posterior 
margin. Propodeum shiny, weakly mi- 
crosculptured, coarsely areolate over most 
of its surface, except area adjacent to me- 

tapleuron which is shiny, without sculp- 
ture; propodeal enclosure not differenti- 

ated from lateral spheres. METASOMA. First 
tergum_ shiny, without microsculpture, 

succeeding terga with an oily sheen, 
sparsely punctate with punctures many 
diameters apart. Sterna similar in sculp- 

ture to terga with punctures slightly more 

dense on posterior sterna and 3 or more 

diameters apart in lateral regions. COLOR. 

Black. White: mandible, except apex; 
pronotal lobe. Yellow-brown: palpi; anten- 

nae; tegula; fore leg, except coxa and fe- 

mur; mid leg, except coxa and femur; hind 

tarsus. 

Female.—Length 4.0—-5.0 mm. Similar to 
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Figs. 13-16. Incastigmus ictericornisd . 

dorsal. 16, Mesosoma, lateral. 

male except as follows: flagellomere | 
length 1.8 * apical width; clypeus shiny, 
without microsculpture, or with weak 
microsculpture medially; clypeal punc- 
tures 1-3 diameters apart medially; me- 
dian clypeal lobe with 2 teeth separated 
by a shallow emargination, long setae 
arising from subapical semicircular de- 
pression. Inner eye margin sparsely se- 

tose with sculpture not obscured; OOD 
2 10D; 

Material Examined.—28 3,7 °. HOLO- 
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13, Mid flagellomeres of antenna. 14, Head, dorsal. 15, Mesosoma, 

TYPE MALE: Peru: Madre de Dios: Pto. 

Maldonado 1-11-I-1984 L. Huggert 

(PMAE). Paratypes: ARGENTINA: Salta: 

Oran, Abra Grande 18-25-X-1968 C. Por- 

ter (36 MCZC); 18-IV-5-V-1969 C. Porter 

(1d MCZC). Tucuman: Horco Molle, nr. 

Tucuman 15-21-V-1966 L. Stange (16 
IMLA). BOLIVIA: La Paz: Cavinas, Rio 

Beni VI W.M. Mann Mulford Bio. Expl. 

1921-22 (12 USNM). BRAZIL: Amazon- 

as: [Jeffe] 7-IX-1904 Ducke (1d MPEG). 

Bahia: Itabuna CEPEC XI-1978 F.P. Ben- 
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ton (2d BMNH). Espirito Santo: Linhar- 

es, XI-1967 F.M. Oliveira (1d PMAE). Mi- 

nas Gerais: Aguas Vermelhas 15°45’S 
41°28’W 800m XII-1983 Alvarenga (1d 
AEIC). Barbacena 26-X-1905 Ducke (14 

MPEG). S. Caraca, S Barbara III-1971 F.M. 

Oliveira (22 PMAE). Rio de Janeiro: Re- 

presa Rio Grande, Guanabara V-1972 M. 

Alvarenga (2¢6 12 PMA). Rio de Janeiro 

VIII (23 USNM). Teresopolis 9-III-1966 
H. & M. Townes (12 AEIC). Rondonia: 

[Ft.] Principe [da Beira?] Rio Guapore (1d 

CMNH). Santa Catarina: Nova Teutonia, 

1-1968 F. Plaumann (12 MCZC). Sao Pau- 

lo: Sao Paulo (1d ZMUM). ECUADOR: 

[Bucay] 1000’ 7-X-1922 F.X. Williams (146 

BPBM). PARAGUAY: [no locality] Fie- 

brig (16 HNH®M). Cordillera: Col. [Co- 

lonia] Piareta XIJI-1971 Pena (2d IIES). 

PERU: Huanuco: Tingo Maria 1km E. 2- 

VIII-1971 2000’ P.S.&H.L. Broomfield 

B.M. 1971-486 (12 BMNH). Madre de 

Dios: Pto. Maldonado 1-11-I-1984 L. Hug- 

gert (6d PMAE). 

8. Incastigmus ignithorax Finnamore 

new species 

Derivation of Name.—The name ignithor- 
ax is derived from the Latin igiis meaning 
fire and the Greek thorax, in reference to 
the orange-yellow thorax found in mem- 
bers of this species. 

Diagnosis.—Incastigmus ignithorax differs 
from all others in the genus by the orange- 
yellow thorax, the short (does not reach 
scutal midlength) posterior median 

groove on the scutum; and the quadrilo- 
bed clypeal apex. Other species with an 
extensively light-colored thorax include 
pyrrhopyxis which has a dark propodeum, 
a bidentate clypeus, and a median groove 
on the scutum extending to the admedian 
lines, thoracicus which lacks a median 

groove on the scutum, and lexagonalis 

which has a tooth-like projection on the 
lower gena. 
Male.—Unknown. 
Female-—Length 5 mm. HEAD. Flagel- 

lomere I length 2 * maximum width. 

3] 

Clypeus shiny, without appressed setae, 

sparsely punctate, sparsely setose; clype- 
al apex with 4 teeth, median teeth more 

strongly developed than lateral teeth; the 
base of each median tooth bears a pit 
from which arises a long seta. Head mi- 
crosculptured but not uniformly, scapal 
basin more densely microsculptured than 
vertex; punctures sparse, more or less 

regular and separated by over 5 puncture 
diameters. Micropore field present as an 
oval patch between hind ocellus and 
compound eye. Gena shiny, obscurely 
microsculptured, with slight ventral 
swelling, sparsely and regularly punc- 

tate. OOD 2.6 x LOD. MEsosoma. Trans- 
verse pronotal carina toothed at humeral 
angle and toothed ventrally; transverse 
pronotal groove with several longitudinal 
striae; pronotal lobe carinate, appearing 
somewhat toothed; pronotum laterally 
with several longitudinal striae. Scutum 
shiny, weakly microsculptured; notauli 
developed anteriorly, not reaching scutal 

midlength; median scutal groove short, 
restricted to posterior scutum, not reach- 

ing midlength and not reaching admedi- 
an lines; ridges along posterior margin of 
scutum occasionally reaching midlength; 
scutal punctures relatively strong, better 

developed on lateral areas, separated by 
3 or 4 puncture diameters. Scutellum 
shiny, with weak microsculpture, several 
punctures present laterally. Mesopleuron 
shiny, without microsculpture; punctures 
sparse, several present on the sterno- 

pleural region. Preomaular area anteri- 
orly with sparse setae that do not obscure 
sculpture beneath. Hypersternaulus, 

scrobal sulcus, and omaulus coarsely fo- 
veolate. Metapleuron microsculptured, 
dull, impunctate. Propodeum shiny, 

coarsely areolate throughout; area adja- 
cent to metapleuron microstriate; propo- 

deal enclosure not differentiated from lat- 

eral spheres. METASOMA. Terga shiny, 

without microsculpture; punctures 

sparse, obscure. Sterna shiny; punctures 

sparse on anterior sterna, relatively dense 
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Figs. 17-20. 

Mesosoma, lateral. 

Incastigmus ictericornis &. 

on more posterior sterna where they are 

1 to 2 puncture diameters apart. COLOR. 

Black. Orange-yellow: mandible, except 
apex; antenna; palpi; mesosoma, except 

posterior of mesosternum and metaster- 

num; legs, except outer surface of hind 

tibia; metasoma occasionally on dorsal 
petiole and apical sterna. 

Material Examined.—5 °. HOLOTYPE FE- 

MALE: Panama Prov. 6km N. Capira (Cerro 
Campana) 8-IV-1981 R.W. Brooks (SEMC). 

Paratypes: COSTA RICA: Heredia: F. La 

17, Head, dorsal. 18, Face, oblique dorsal. 19, Mesosoma, dorsal. 20, 

Selva 3 km S. Pto. Viejo 10°26'N 84°01'W, 3- 
VII-1986 H.A. Hespenheide (12 PMAE). 

PANAMA: Canal Zone: Barro Colorado 24- 

VII-1924 N. Banks (12 MCZC). Panama: 

6km N. Capira (Cerro Campana) 8-IV-1981 
R.W. Brooks (22 SEMC). 

9. Incastigmus inti Finnamore 
Figs. 21-28 

Le 

Incastigmus inti Finnamore 1995: 235. Holotype, 

male PMAE. Ecuador: Napo Prov.: Tena 15- 

Il-1986 A.T. Finnamore sweep; examined. 
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Diagnosis.—The following combination 
of characters will separate this species 
from all others in the genus: Micropore 
field of vertex oval; scutum with median 

groove and notauli complete from anterior 
to posterior margins, without regular lon- 
gitudinal ridges between grooves; prono- 
tal lobe white, rounded and conical; male 

antenna with tylus on flagellomere XI; fe- 
male clypeus with 2 elongate setae arising 
from 2 narrowly separated subapical pits 
on median clypeal lobe; female upper 
frons shiny, without microsculpture an- 

terolaterally to mid ocellus. 

Male.—Length 2.5-4.0 mm. HEAD. Fla- 

gellomeres without specialized setae; fla- 

gellomeres II to XI with tyli, that on fla- 

gellomere XI imparting an asymmetrical 

shape, apex conical; flagellomere I length 
2.2 X apical width; flagellomere X length 

1.4 X apical width. Head microsculptured 

on frons, vertex shiny; punctures sparse; 

clypeus obscured by dense appressed se- 
tae which extend up frons along inner eye 
margin little more than height of antennal 

socket; gena microsculptured, sparsely 
punctate, not carinate, without ventral 

tooth or swelling; micropore field present 

as an oval patch between compound eye 
and lateral ocellus; without depression be- 

hind it; lateral ocelli closer to each other 

than to compound eyes; OOD 1.7 x LOD. 
MESOSOMA. Transverse pronotal carina 

toothed laterally and toothed ventrally; 

transverse pronotal groove longitudinally 

striate; pronotal lobe conical, apex round- 

ed, without anterior carina; lateral area of 

pronotum with longitudinal striae. Scu- 

tum variable, entirely microsculptured to 

weakly microsculptured with shiny patch- 
es; notauli complete to posterior margin; 

median scutal groove complete to anterior 
margin; punctures sparse. Scutellum mi- 

crosculptured, with several punctures on 
lateral region near midlength. Preomaular 

area with sparse setae that do not obscure 
underlying sculpture. Mesopleuron vari- 
able, from entirely microsculptured to 

weakly shiny with reduced microsculp- 

ture, sparsely punctate to impunctate. Hy- 
persternaulus, omaulus, and scrobal sul- 

cus foveolate. Metapleuron usually mi- 

crosculptured with several short, weak, 

longitudinal striae on posterior margin. 

Propodeum shiny, generally without mi- 

crosculpture, coarsely areolate through- 

out, except shiny, unsculptured area ad- 

jacent to metapleuron; propodeal enclo- 

sure not differentiated from lateral 

spheres. METASOMA. First tergum shiny, 

without microsculpture, punctures minute 

and obscure; sterna weakly microsculp- 
tured, punctures sparse and many diam- 
eters apart on sternum II; punctures in- 

creasing in density to sternum VI where 

minute punctures near lateral midlength 
are about 1 diameter apart. COLOR. Black. 
White: mandible, except apex; pronotal 
lobe. Yellow-brown: palpi; mandible sub- 
apically; antenna; tegula; fore leg, except 

coxa; mid leg, except coxa; hind trochanter 
and tarsus; metasomal sternum VIII. 

Female.—Length 3.0-4.25 mm. Similar to 

male except as follows: antenna without 
tyli, flagellomere X length 1.25 x apical 

width; clypeus shiny, without microsculp- 

ture, sparsely punctate but occasionally 

moderately dense punctures grouped in 
median area; median clypeal lobe with 2 

long setae arising from 2 narrowly sepa- 

rated, subapical pits; apex of clypeal lobe 
truncate, without teeth. Scutum with sev- 

eral irregular ridges between notauli and 

median grooves; color as above, but vari- 

able to dark antennal flagellum and dark 

femora. 
Material Examined.—258 3, 109 2°. BO- 

LIVIA: [Las Juntas] (12 CMNH). La Paz: 

Chulumani 1,700m (26 52 BMNH). Co- 

roico-Chulumani (12 MCZC). Coroico, 

Sta. Barbara 1,100m (12° PMAE). Tumu- 

pasa (1d USNM). Yungas, 13km S. Car- 

anavi 850m (22 PMAE). BRAZIL: Mato 

Grosso: Itaum (32 AEIC). Para: Belem 

IPEAN (12 CNCI). COLOMBIA: Caque- 

ta: Florencia 480m (12 BMNH). Yuruya- 

co, 73km SW. Florencia (2¢ 12 BMNH). 



A Figs. 21-24. 
Mesosoma, lateral. 

Incastigmus inti 

Putumayo: Mocoa (10d 82 BMNH). Villa 
Garzon, 8mi S. Mocoa (16 BMNH). Vau- 

pes: Mitu (1d BMNH). ECUADOR: 

[Mera] (1d BPBM). Carchi: Chical 1,250m 

(12 CMNH). Napo: Coca (1d AEIC). 

Coca & Napo Rivers (16 AEIC). Limon- 

cocha, 250m (26 22 CNCI). Puerto Mis- 

ahualli (26d 52 PMAE). Muyuna, 5km 

W. Tena (12 BMNH). Santa Cecilia (1d 

USNM). Tena (1¢ BMNH, 12 CNCI, 186 

82 PMAE). Tena-Puyo Hwy (1d PMAE). 

Pastaza: Puyo 960m (15d BPBM). Puyo, 
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$. 21, Mid flagellomeres of antenna. 22, Head, dorsal. 23, Mesosoma, dorsal. 24, 

22km SW. (1d 12-CNC), Puyo, 23kim SE: 

(12 USNM). Puyo, 44km S. (5d 2° 

USNM). Puyo, 18km N. (1d RNHM). Pi- 

chincha: Tinalandia 800m (2d PMAE). 

Zamora-Chinchipe: Cumbaratza (1d 
AEIC). Rio Jumboe (5¢ 22 MCZC). Za- 

mora (1d AEIC). PARAGUAY: Cordil- 

lera: Piareta (1d IIES). Guaira: W. Villar- 

ica, Caballero (16 HES). PERU: Cuzco: 

Agua Calliente (8¢ 12 PMAE). Machu 

Picchu (1fAEIC); Quincemil, 750m near 

Marcapata (8d 39 AEIC). Huanuco: Ca- 
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Figs. 25-28. 

yumba, 35km S. Tingo Maria 800m (1° 

BMNH). Las Palmas, 5mi SW. 1,000m (2d 

CASC). Las Palmas 10mi SW. 1,000m (42 

CASC). Monson Valley, Tingo Maria 
(13d 102 CASC). Tingo Maria (12 

BMNH, 206 42 PMAE). Tingo Maria 
26mi E. 1,100m (12 CASC). Tingo Maria, 

67 mi E. (12 CASC). Tocache (40d 12 

PMAE). Junin: Colonia Perene, Rio Per- 

ene 18mi NE. La Merced (26 12 CASC). 

Paratuchali (10d 42 PMAE). Satipo (214 
72 PMAE). Lima: Magdalena [del Mar?] 

[Lima?] (12 USNM). Loreto: Iquitos, NE. 

35 

Incastigmus inti 2. 25, Head, dorsal. 26, Face. 27, Mesosoma, dorsal. 28, Mesosoma, lateral. 

Rio Nanay (10d PMAE). Iquitos, Gransa 

(23 PMAE). Iquitos, Quisto Cocha (1d 

PMAE). Iquitos, Barilla (1d PMAE). Ma- 

dre de Dios: [Laberinto] 70km W. Puerto 

Maldonado on Rio Madre de Dios (1° 

PMAE). Puerto Maldonado (50d 149 

PMAE); Tambopata 50km_ S. 
Puerto Maldonado on Rio Tambopata 
(16 12 PMAE). Ucayali: [Tacshitea] 

88km N. Pulcalpa jct Rio Callaria & Rio 

Ucayali (16 PMAE). VENEZUELA: Zu- 

lia: El Tucuco, 45km SW. Machiques (1 
USNM). 

Reserve 



10. Incastigmus iphis Finnamore 
new species 

Figs. 29-36 

Derivation of Name.—lIphis is a Greek 
term referring to a Cretian girl who was 

changed to a man, in reference to the dif- 

ficulty encountered in associating the fe- 
males with the males of this species. 

Diagnosis.—Males and females of this 
species can be distinguished by the fol- 
lowing characters: flagellomeres without 
setal brush, apical flagellomere unmodi- 
fied, micropore field round, microsculp- 
ture of vertex continuous with that of 
frons, mesosoma black, pronotal lobes 
white and rounded, notauli and median 

scutal grooves complete. 

Male.—Length 3.5-4.5 mm. HEAD. Fla- 

gellomeres ventrally without specialized 
setae; tyli present on flagellomeres | 
through VI or VIL; tyli appear as a yellow 
fold on the ventral surface; flagellomere X1 
symmetrical, cylindrical, apex conical; fla- 

gellomere I length 1.5 * apical width; fla- 

gellomere X length 1.5 x apical width. 
Clypeus obscured by dense appressed se- 
tae which extend up frons along inner 
margin of eyes to about half length of 

scape; microsculpture of frons continuous 

with that of vertex, punctures of frons 
sparse, more or less regular, 3 or more di- 

ameters apart; oval micropore field pre- 
sent between compound eye and lateral 
ocellus, without depression behind it; 

gena microsculptured, sparsely punctate, 
shiny ventrally, without tooth or swelling 

in ventral region; OOD 1.8 x LOD. ME- 

SOSOMA. Transverse pronotal carina 
toothed at humeral angle and toothed 

ventrally; transverse pronotal groove with 

coarse longitudinal striae; pronotal lobe 

roundly conical, without anterior carina. 

Scutum microsculptured, more or less 

shiny posteriorly; punctures sparse, small, 

scattered between irregular grooves and 
ridges of surface; notauli complete to pos- 
terior margin of scutum; median scutal 
groove contiguous with admedian lines. 
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Scutellum microsculptured with several 
lateral punctures and a poorly defined 
median sulcus. Preomaular area anteriorly 
with sparse setae, sculpture visible; me- 

sopleuron entirely microsculptured; hy- 

persternaulus, scrobal sulcus, and omau- 

lus coarsely foveolate; metapleuron mi- 

crosculptured, with several short longitu- 

dinal striae along posterior margin. 
Propodeum with weak microsculpture, 

coarsely areolate, except small shiny re- 
gion near metapleuron; propodeal enclo- 

sure not differentiated from lateral 
spheres. METASOMA. Tergum I shiny with 
minute, obscure punctures; succeeding 
terga with an oily sheen, punctures mi- 
nute, obscure; sterna with an oily sheen, 

punctures slightly increasing in density on 
more posterior sterna; sternum VI with a 

narrow median longitudinal impunctate 
area, punctures about 1 to 2 diameters 
apart immediately lateral to this area. 
Cotor. Black. White: pronotal lobe. Yel- 

low-brown: palpi; mandible, except apex; 
antenna ventrally, and dorsally to flagel- 
lomeres IV or V; tegula; fore leg, except 

coxa and femur dorsally; mid leg, except 
coxa and femur; hind trochanter and hind 

tarsus. 

Female.—Length 3.5-5 mm. Similar to 

male except as follows: flagellomere I 
length 1.7 apical width; clypeus shiny, 

sparsely punctate, punctures over 3 di- 

ameters apart in median clypeal area; me- 
dian clypeal lobe truncate, without teeth; 

long setae arising from pair of subapical 
pits; frons along inner margin of eye with 

sparse setae that do not obscure sculpture; 
color as in male except hind tibia yellow- 
brown dorsally. 

Material Examined.—54 3, 55 @. HO- 
LOTYPE MALE: Brazil: Bahia, Itabuna, 

CEPEC 23-XI-1983 F.P. Benton (BMNH). 
Paratypes: BOLIVIA: La Paz: Chulumani 
1,700m 27-HI-1979 M. Cooper B.M.1979-— 

216 (12 BMNH). BRAZIL: Bahia: Itabuna, 

CEPEC: (various dates) 1982-1984 F.P. 

Benton (33d 452 BMNH). Goias: Jatai XI- 
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Figs. 29-32. 

32, Mesosoma, lateral. 

1972 F.M. Oliveira (1d 12 CNCI). Mato 

Grosso: Itaum Dourados III-1974 M. Al- 

varenga (0 ~ABIC, 30212: (CNEL. 2¢ 

PMAE). Rio de Janeiro: Repressa Rio 

Grande, Guanabara VII-1972 M. Alvaren- 

ga (1d CNCI). Sao Paulo: Sao Paulo, 
[Rua?] Teodora Sampaio: XI-1977 M. Al- 

varenga (1d AEBIC, 12 IES); XU-1977 M. 

Alvarenga (246 CNCI); VII-1975 Oliveira 

(12 PMAE). Sao Vicente 30-X-1961 N.L.H. 

Krauss (1d USNM). PARAGUAY: Can- 

Ww N 

Incastigmus iphisd. 29, Mid flagellomeres of antenna. 30, Head, dorsal. 31, Mesosoma, dorsal. 

indeyu: SW. Salto del Guaira 8-XII-1971 
(12 CNCI). Cordillera: [Colonia] Pirareta 

XII-1971 Pena (36 IIES). Guaira: W. Vil- 

larrica Caballero I-1972 Pena (1¢ 2¢ IES). 

San Pedro: Rio Ypane Correro XII-1983 

M.A. Fritz (1¢ IIES). PERU: Cuzco: Quil- 

labamba 1700m 23-27-XII-1983 A.T. Fin- 

namore (12 PMAE). Quincemil, 750m 

near Marcapata IX-1962 Luis Pena (1d 

AEIC). Loreto: Iquitos, Quisto Cocha 5-II- 

1984 L. Huggert (1° PMAE). 
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11. Incastigmus kunkopteryx Finnamore 

new species 
Figs. 37-40 

Derivation of Name.—The name kunkop- 
feryx is derived from the Quichuan kunka, 
meaning collar; and the Greek pteryx, 

meaning wing, referring to the flattened, 

wing-like tooth on the pronotal lobe of 

this species. 

Diagnosis.—Both males and females of 

this species can be recognized by the flat- 

tened, wing-like, tooth on the pronotal 

lobe in most specimens, the complete me- 

3, Head, dorsal. 34, Face. 3 
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5, Mesosoma, dorsal. 36, Mesosoma, lateral. 

dian scutal groove, and the oval micro- 

pore field on the vertex. This species is un- 

usually variable and probably represents 
a complex of several species, but an in- 

sufficient number of specimens exist to re- 
solve the question of variation. 

Male.—Length 4 mm. HEAD. Flagellom- 

eres ventrally with a narrow longitudinal 

asetose region; obscure tyli present on fla- 

gellomeres III to VI or VIH; flagellomere | 

length 1.8 x apical width; flagellomere X 

length 1.8 < apical width; flagellomere XI 

straight, cylindrical, apex conical. Clypeus 
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obscured by dense appressed setae which 
extend up frons along inner margin of 
eyes to about half the height of scape; 
frons microsculptured; vertex usually 

shiny, sometimes microsculptured and not 
well distinguished from frons; punctures 
on vertex sparse, irregular, 3 or more di- 
ameters apart; gena microsculptured, ob- 

scurely punctate, without ventral tooth or 

swelling; some specimens with irregular 
longitudinal microstriae arising from oc-: 

cipital carina that extend to compound 
eye; micropore field present as an oval 

patch between compound eye and ocellus; 
without depression behind it; lateral ocelli 
closer to each other than to compound 
eyes; OOD 1.8 x LOD. MEsosoMa. Trans- 
verse pronotal carina tooth-like at humer- 
al angle, sometimes sharply toothed, and 

ventrally toothed; transverse pronotal 

groove longitudinally striate; pronotal 

lobe somewhat flattened dorsally, often 
flattened ventrally; anterior carina on 
pronotal lobe continuous to apex and of- 
ten continued posteriorly; pronotal lobe in 
several specimens conical, produced, and 
sharply pointed; lateral area of pronotum 
longitudinally striate. Scutum in most 
specimens microsculptured on anterior 
half, shiny without microsculpture on 

posterior half; some specimens micro- 

sculptured throughout; in most specimens 

scutum irregularly ridged or striatopunc- 
tate; several specimens without scutal stri- 

ae; scutal punctures sparse, irregular, a 
few to many diameters apart; notauli ex- 
tending to posterior margin of scutum or 
attenuating on posterior half; median scu- 
tal groove extending to and between ad- 
median lines. Scutellum microsculptured 
with several punctures laterally, and me- 
dian longitudinal sulcus absent or poorly 
developed. Preomaular area anteriorly 
with sparse setae that do not obscure 
sculpture. Mesopleuron shiny, often with 
weak microsculpture dorsally; posterior 
half microstriate; hypersternaulus, scrobal 
sulcus, and omaulus foveolate. Metapleu- 
ron microsculptured, several short longi- 
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tudinal striae along border with propo- 
deum. Propodeum shiny, weakly micro- 
sculptured, coarsely areolate over most of 
surface except small shiny area adjacent to 
metapleuron; propodeal enclosure not dif- 
ferentiated from lateral spheres. METASO- 
MA. First tergum shiny, without micro- 

sculpture; succeeding terga with an oily 
sheen, punctures minute, sparse and ob- 
scure; sterna similar to terga, punctures 

generally more evident; sternal punctures 
reaching maximum density on sternum V 

Where they are about 1 to 2 diameters 
apart. CoLor. Black. White: usually man- 
dible, except apex; pronotal lobe. Yellow- 
brown: palpi; sometimes mandible, except 
apex; scape; pedicel; basal flagellomeres; 
tegula; fore leg, except coxa and femur; 
mid leg, except coxa and femur; hind tro- 
chanter and hind tarsus. 

Female.—Length 4.0-4.5mm. Females 
exhibit less variation than males and are 
most similar to those males with a shiny 
posterior half of the scutum that is irreg- 
ularly ridged to striatopunctate. The fol- 
lowing description of the female is from 
the Holotype, but applies to most speci- 
mens. Similar to male (as noted above) ex- 

cept as follows: flagellomere I length 2.0 
x apical width; clypeus shiny, punctures 

sparse about 1 to 3 diameters apart me- 
dially; median clypeal lobe truncate, with 
a slight emargination, not toothed, and 2 
long setae arising from a subapical semi- 
circular depression; frons along inner eye 
margin with sparse setae that do not ob- 
scure sculpture; gena shiny on anterior 
half; OOD 1.6 < LOD; color as above ex- 

cept yellow-brown on entire fore leg, en- 

tire mid leg, and hind leg, except tibial 

apex and dorsum of femur. 
Material Examined.—5 3, 16 2. HOLO- 

TYPE FEMALE: Peru: Loreto, Iquitos NE. 

Rio Nanay 6-II-1984 L. Huggert (PMAE). 

Paratypes: BOLIVIA: El Beni: |Rurena- 

baque] 270m 18-IV-1979 M. Cooper B.M. 
1979-216 (12 BMNH). BRAZIL: Amazon- 

as: Rio Javari, Estirao do Equador X-1973 
Alvarenga (22 IIES). COLOMBIA: Ama- 



40 

Figs. 37-40. 
lateral. 

Incastigmus kunkopteryx &. 37, 

zonas: La Chorrera 14-23-VIII-1976 M. 

Cooper B.M. 1976-727 (12 BMNH). Leti- 

cia 21-23-VIII-1974 M. Cooper B.M. 1974— 

503 (12 BMNH). Meta: 3 mi w Villavicen- 

cio 920m 11-HI-1955 E.I. Schlinger & ES. 

Ross (12 CASC). Putumayo: Villa Garzon, 

8mi S. Mocoa 30-VIH-1978 M. Cooper B.M. 

1978-431 (12 BMNH). Mocoa 28-VI-1978 

M. Cooper B.M. 1978-431 (1° BMNH); 

Mocoa 7-VIII-1978 M. Cooper B.M. 1978- 

431 (12. BMNH). ECUADOR: Morona- 

Santiago: Cord. Cutucu c. 6km E. Macas 
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Head, dorsal. 38, Face. 39, Mesosoma, dorsal. 40. Mesosoma, 

c. 1000m 21-X-1978 M. Cooper B.M. 1979- 

20 (1d BMNH). Napo: Misahualli, Rio 

Napo 19-II-1983 L. Huggert (12 PMAE). 

Limoncocha 250m _ 15-28-VI-1976 S. & J. 

Peck (12 CNCI). Laguna Jatuncocha 20km 

S. Nuevo Rocafuerte on Rio Yasuni 8-9-II- 

1986 Finnamore, Thormin Mt. (12 

PMAE). Pastaza, 27km N. Puyo 18-VII- 

1989 L. Stange é& RK. Miller (ic -FSCA)- 

22km SW. Puyo 200m 14-16-VII-1976 S. & 

J. Peck forest (12 CNCTI). Puyo 960m 1-8- 

X-1970 J. & M. Sedlacek (12 BPBM). 
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PERU: [Chanchamayo] 24-V-1949 J.M. 

Schunke B.M. 1950-559 (2d BMNH). Cuz- 

co: Machu Picchu 1900m 4-19-IX-1964 C.C. 

Porter (1d MCZC). Huanuco: 26mi E. Tin- 

go Maria 10-XH-1954 1100m E.I. Schlinger 
& E.S, Ross (12 CASC). 

12. Incastigmus mauracis Finnamore 

new species 

Derivation of Name.—Mauracis is derived 
from the Greek words, mauros, meaning 
black, and akis, meaning thorn, in refer- 

ence to the dark tooth on the pronotal 
lobe. 

Diagnosis.—Males of mauracis are easily 
recognized by a semicircular depression 
posterior to the micropore field, the de- 
pression is defined posteriorly by a weak- 
ly carinate rim. Females have a_ black, 

toothed, pronotal lobe, incomplete notauli 

and median scutal grooves, obtuse lateral 
clypeal teeth, and median clypeal teeth of- 
ten separated by U-shaped emargination. 
This species is similar to chincha from 
which it is separated by the semicircular 
depression behind the micropore field in 
males, and the obtuse lateral clypeal teeth 
in the female. Female chincha have acute 
lateral clypeal teeth and the median clyp- 

eal teeth are combined into a single nar- 
row lobe. 
Male.—Length 4.0-5.0 mm. HEAD. Fla- 

gellomeres without specialized setae; fla- 

gellomeres I to VII depressed basally, 
with a broad shiny tylus on apical half. 
Flagellomere I length 1.5 apical width; 
flagellomere X length 2 xX apical width; 
flagellomere XI slightly curved, cylindri- 

cal, apex conical. Clypeus obscured by 
dense appressed setae which extend up 
frons along inner margin of eyes to about 
half height of scape. Frons microsculp- 
tured, punctures not evident; vertex shiny, 
weakly microsculptured, punctures gen- 
erally sparse and about 3 diameters or 
more apart. Micropore field present as an 
oval patch between compound eye and 
lateral ocellus, behind it a semicircular or 

elliptical depression with a weakly cari- 
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nate posterior rim. Gena shiny, weakly 
microsculptured, sparsely punctate, with- 

out ventral tooth or swelling. Lateral ocelli 

closer to each other than to eyes; OOD 1.8 
x LOD. MEsosoMA. Transverse pronotal 

carina with acute lateral tooth, and acute 

ventral tooth; transverse pronotal groove 
longitudinally striate; pronotal lobe with 
anterior carina terminating in an acute 

tooth; lateral area of pronotum longitudi- 
nally striate. Scutum microsculptured, 
with sparse punctures three more diame- 

ters apart; notauli present anteriorly, at- 

tenuated posteriorly near scutal mid- 
length; median scutal groove present pos- 
teriorly, attenuated near scutal midlength 
and not reaching admedian lines; posteri- 
or margin of scutum with several short 

longitudinal striae parallel to median scu- 
tal groove. Scutellum microsculptured, 
punctures obscure. Preomaular area with 
sculpture visible beneath sparse setae. Me- 
sopleuron shiny, without microsculpture 

above hypersternaulus, punctures not ev- 
ident or sparse; hypersternaulus, scrobal 
sulcus, and omaulus coarsely foveolate. 

Metapleuron with microsculpture and 
several weak longitudinal striae. Propo- 
deum shiny, coarsely areolate, except area 
adjacent to metapleuron which is longi- 
tudinally striate; propodeal enclosure not 
differentiated from lateral spheres. META- 
SOMA. Terga shiny, those beyond first ter- 

gum with oily sheen, punctures minute, 

sparse, often not evident. Sterna shiny, mi- 
crosculpture weak, punctures sparse on 
anterior sterna but increasing in density 

on more posterior sterna. COLOR. Black. 

Yellow-white to yellow-brown: palpi; 
mandibles, except apex; scape; pedicel; fla- 
gellomeres I to IV; tegula; fore leg, except 
coxa; mid leg, except coxa; and hind tar- 

SUS. 
Female.—Length 5.0-6.0 mm. Similar to 

male except as follows: flagellomere | 

length 2 apical width; clypeus shiny, 

without microsculpture, punctures sparse, 

4 diameters apart medially; median clyp- 

eal lobe consisting of 2 weakly separated 
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teeth, bounded laterally by a smaller, less 
well developed, obtuse lateral clypeal 
tooth; teeth of median clypeal lobe each 
with a subapical circular pit from which 

arises several long setae; sculpture on 
frons along inner margin of eye not ob- 

scured by dense appressed setae. OOD 2.5 
x LOD. Color as in male, but more or- 

ange-red, pronotal lobe yellow-brown, 

and apex of hind coxa, hind trochanter, 

and hind tibia orange-red. 

Material Examined.—8 ¢, 32 2. HOLO- 

TYPE MALE: Bolivia: La Paz, Chulumani 

1700m 31-IIJ-1979 M. Cooper B.M. 1979- 

216 (BMNH). Paratypes: BOLIVIA: El 

Beni: [Rurrenabaque], Rio Beni X-1921—22 

W. M. Mann. Mulford Biol. Expl (1d 

USNM). La Paz: Chulumani 1700m: 19-25- 

XH-1955 L.E. Pena (1d SEMC); 27-III-1979 

M. Cooper B.M. 1979-216 (1d 12 BMNH); 

2-IV-1979 M. Cooper B.M. 1979-216 (4¢ 

BMNH); 3-IV-1979 M. Cooper B.M. 1979- 

216 (1d 132 BMNH). BRAZIL: Permam- 

buco: Caruaru, V-1972 J. Lima (16 

PMAE). ECUADOR: Napo-Pastaza, Mera 

6-8mi W. 1500m 10-II-1955 E.I. Schlinger 

& E.S. Ross (12 CASC). Pastaza: Mera 26- 

]-1923 F.X. Williams (16 BPBM). PERU: 

[Chanchamayo] 26-IH-1949 J.M. Schunke 

B.M. 1950-559 (22 BMNH). Cuzco: Ma- 

chu Picchu: 29-XI-1965 H. & M. Townes 

(12 AEIC); 2-XII-1965 H. & M. Townes 

(16 12 AEIC); 24-27-II-1968 A. Garcia & 

C. Porter (12 MCZC). Machu Picchu mu- 

seum 1,385m 11-14-VHI-1971 C.&M. Var- 

dy B.M. 1971-533 (82 BMNH). 

13. Incastigmus mystaxalbus Finnamore 
new species 
Figs. 41-48 

Derivation of Name.—The name is de- 

rived from the Greek mystax, meaning up- 
per lip, and the Latin albus, meaning 

white, in reference to the white apical 

margin of the clypeus in the females of 
this species. 

Diagnosis. —All females and some males 
of this species can be immediately recog- 
nized by the white apical margin of the 
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clypeus. Males can be distinguished by 
the combination of the median  scutal 
groove reduced to an elongate posterior 
pit, the pronotal lobes white and rounded, 

and the mesosoma otherwise black. 
Male.—Length 3.0-5.0 mm. HEAD. Fla- 

gellum without tyli or brush of specialized 
setae; flagellomere I length 1.8 * maxi- 

mum width; flagellomere X length 1.3 x 
maximum width; flagellomere XI straight, 

cylindrical, apex conical. Sculpture of 
clypeus obscured by dense appressed se- 
tae which do not extend up frons along 
inner eye margin beyond height of anten- 

nal socket. Head microsculptured, but not 

uniformly; scapal basin and vertex distin- 

guished from each other by density of mi- 
crosculpture. Vertex more or less uniform- 
ly punctate with punctures 3 or more di- 
ameters apart. Micropore field present as 
an oval patch between lateral ocellus and 
compound eye, without depression be- 
hind it; gena microsculptured dorsally, 
shiny ventrally, nonstriate, without ven- 

tral swelling or tooth; genal punctures ob- 
scure dorsally, 3 or more diameters apart 

ventrally. Lateral ocelli closer to each oth- 
er than to compound eye. OOD 1.3 xX 
LOD. MesosoMa. Transverse pronotal ca- 
rina not toothed, angular at humeral angle 
and ventrally; transverse pronotal groove 
longitudinally striate; pronotal lobe un- 

modified, rounded. Pronotum laterally 
with longitudinal striae. Scutum micro- 
sculptured; notauli attenuated near scutal 
midlength; median scutal groove reduced 

to an elongate pit on posterior margin; 

scutal punctures sparse, present on pos- 

terior two-thirds, 3 or more puncture di- 

ameters apart. Scutellum microsculptured 
with several punctures in median lateral 
area. Mesopleuron microsculptured, im- 
punctate; preomaular area without setae; 
hypersternaulus, scrobal sulcus, and 
omaulus foveolate. Metapleuron some- 
what shiny, microsculpture weak, ob- 
scurely microstriate. Propodeum shiny, 
without microsculpture, entirely areolate, 

except small striate region near metapleu- 
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Figs. 41-44. 

dorsal. 44, Mesosoma, lateral. 

ron; propodeal enclosure not differentiat- 

ed from lateral spheres. METASOMA. First 
tergum shiny, microsculpture obscure; 
succeeding terga with an oily sheen, with- 

out obvious microsculpture. Sterna some- 
what more shiny with sparse punctures 
becoming increasingly dense on posterior 

sterna; punctures on sternum V about 2 
diameters apart. COLOR. Black. White: pal- 
pi; mandible, except apex; 

clypeal apex; pronotal lobe. Yellow: scape; 
pedicel; ventral surface of flagellomeres | 

sometimes 

Incastigmus mystaxalbusd. 41, Mid flagellomeres of antenna. 42, Head, dorsal. 43, Mesosoma, 

to IV; forelegs beyond coxa; mid and hind 

trochanters; mid tibia and tarsus; hind tar- 

sus. 

Female.—Lenegth 3.2-4.5 mm. 

tlagellomere | 

Similar to 

male except as _ follows: 

length 2.3 apical width; clypeus shiny, 

without microsculpture median clypeal 

lobe with 2 teeth, and 2 long setae arising 

from 2 narrowly separated subapical pits; 

clypeus punctate on basal half, punctures 

about 2 diameters apart. OOD 2.3 x LOD. 

Scutum with microsculpture variable be- 



44 

Figs. 45-48. 

lateral. 

tween absent and complete, with some 
specimens approaching a striatopunctate 

condition. Color similar to male, except 
apical half of clypeus white. 

Material Examined.—23¢6, 502. HOLO- 
TYPE FEMALE: Mexico: Mor. Cuernavaca 
IV-1959 N. Krauss (USNM). Paratypes: 
COSTA RICA: [San Jose La Caja] b. H. 

Schmidt (42 NHMW). Guanacaste: S. 

Rosa Park: 1-XII-1976 D.H. Janzen riparian 
(12 AEIC); 13-XII-1976 D.H. Janzen dry 
hill (12 AEIC). 15-VHI-1977 D.H. Janzen 
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Incastigmus mystaxalbus 9°. 45, Head, dorsal. 46, Face. 47, Mesosoma, dorsal. 48, Mesosoma, 

dry hill (12 AEIC). Sta. Rosa NP Sn. Em- 
ilio: 8-C, 8-II-2-III-1986 Janzen & Gauld 

(12. BMNH); 6-C, 2-23-III-1986 Janzen & 

Gauld (12: BMNH); 8-C, 4-24-V-1986 Jan- 

zen & Gauld (22 BMNH). Sta. Rosa NP 

Hacienda 1-0, 4-24-III-1986 Janzen & 

Gauld (12 BMNH). San Jose: San Jose: 

(22 MACN); Friesi-Schwerin Ankau & 

1957 (22 SMTD); 27-VI-1925 Schmidt (4° 

CMNH). San Pedro de Montes de Oca 3- 

11-1935 C.H. Ballou (12. USNM). Santa 

Ana 24-II-64 3000’, H.Evans (46 12 
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MCZC). Tres Rios, San Jose 1980 E. Tristan 

(1d NHMW). EL SALVADOR: La Liber- 

tad: Santa Tecla X-1965 N.L.H. Krauss (12 

USNM). HONDURAS: [Suyapa Morazan] 

3-X1-1965 N.L.H. Krauss (12 USNM). 

Francisco Morazan: Tegucigalpa:6-II-1918 
F.J. Dyer no. 32981 (1d USNM); 16-II-1918 

F.J. Dyer no. 35273 (16 USNM); 17-II-1918 

F.J. Dyer no. 35396 (8¢ USNM); 19-I]-1918 

F.J. Dyer no. 36008 (1d 12 USNM). GUA- 

TEMALA: [no locality]1891. Schulth.- 

Rechbg (16 NHMW). [Panajachez] 27-IV- 

1978 R. Parks (1d SDMC). Sacatepequez: 
Antigua: IX-1959 N.L.H. Krauss (12 

USNM); 1500-1600m VII-1980 M.L.H. 

Kreuss (22. PMAE). MEXICO: [Heredia] 

13-H-1970 Peck (1¢6 PMAE). Chris. 3000’ 

20mi N. [Huixtla] 6-VI-1969 W.R.M. Ma- 

son (42 CNCI). [Orizaba] XII-1887 H.H.S. 

& F.D.G. (1d BMNH). Mexico: Tejupilco: 

Temescaltepec 19-VI-1933 H.E. Hinton, 

R.L. Usinger (12 CASC). Michoacan de 

Ocampo: Uruapan X-1954 N.L.H. Krauss 
(12. USNM). Uruapan 1600-1700m VIH- 

1975 N.L.H. Krauss (12 USNM). Morelos: 

Cuernavaca: 25-IX-1944 N.L.H. Krauss 

(12 USNM); III-1945 N.L.H. Krauss (2¢ 

12 USNM); IV-1945 N.L.H. Krauss (2¢ 

22 USNM); V-1945 N.L.H. Krauss (1° 

USNM); IILIV,V-1965 N.L.H. Krauss (1d 

USNM); X-1965 N.L.H. Krauss (12 

USNM). Tlayacapan 29-X-1982 J.T. Huber 
(22 PMAE). Nayarit:Maria Magdalena: Is. 
Tres Marias 22-III-1964 R.R. Snelling (1° 

LACM). Tepic 15-17-IX-1953 B. Malkin 

(12° CASC). San Luis Potosi: orchid plants 

Maiz 18-X-1948 Laredo Tx 47405 48-16967 

(36 22 USNM). Huichihuayan 25-IX-1938 

LJ. Lipovsky (12 SEMC). Tamaulipas: 

NE. Gomez Farias, Rio Frio 5-VI-1983 M. 

Kaulbars (12 PMAE). 

14. Incastigmus mytior Finnamore 

new species 

Figs. 49-56 

Derivation of Name.—The name mytior is 
derived from the Greek myte, meaning 
spiked, combined with ior, a Latin adjec- 
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tival suffix, in reference to the toothed 
pronotal lobe. 

Diagnosis.—Males of this species are 
easily recognized by a combination of a 

linear micropore field between the com- 
pound eye and lateral ocellus, and the 
sharply toothed, white pronotal lobe. Fe- 
males can be recognized on the basis of 
the 2 narrowly separated subapical pits on 
the median clypeal lobe, pronotal lobe 
acute, toothed, and white, and the median 
scutal groove that attenuates near the scu- 

tal midlength and does not reach the ad- 
median lines. 

Male.—Length 3.75-4.5 mm. HEAD. Fla- 
gellomeres without ventral brush of spe- 
cialized setae, but setose throughout, and 
with a few specialized setae at the apex of 
each flagellomere; linear tyli present on all 
flagellomeres, imparting an asymmetrical 
appearance and an obliquely truncate 
apex to flagellomere XI; flagellomere | 
length 1.2 * maximum width as mea- 
sured with tylus in profile; flagellomere X 
length 1.3 * maximum width as mea- 

sured with tylus in profile. Clypeus ob- 
scured by dense appressed setae which 
extend up frons along inner margins of 
eyes to half height of scape; frons micro- 

sculptured, vertex shiny, weakly micro- 

sculptured, with punctures sparse, irreg- 

ular and 2 or more diameters apart; gena 

microsculptured, irregular microstriae 

present ventrally, without ventral tooth or 

swelling; genal punctures sparse, obscure; 
linear micropore field present between 

ocellus and compound eye, without de- 

pression behind it; lateral ocelli closer to 

each other than to eyes; OOD 2.0 * LOD. 
MESOSOMA. Transverse pronotal carina 

forming a right angle at humeral angle, 
toothed ventrally; transverse pronotal 
groove longitudinally striate; pronotal 

lobe acute, toothed, with anterior carina; 

lateral pronotal area longitudinally striate. 

Scutum microsculptured, more shiny on 

posterior half; punctures sparse, irregular, 

few to many diameters apart in median 

region; notauli attenuating near scutal 



Figs. 49-52. 

indicates micropore field. 51, Mesosoma, dorsal. 52, Mesosoma, lateral. 

midlength; median scutal groove attenu- 
ating abruptly near scutal midlength; pos- 

terior margin of scutum with short ridges. 
Scutellum microsculptured, without me- 

dian sulcus, and with scattered lateral 

punctures. Sculpture of preomaular area 
not obscured by setae. Mesopleuron shiny, 

weakly microsculptured, punctures few to 
many diameters apart; hypersternaulus, 
omaulus, and scrobal sulcus coarsely fo- 

veolate; metapleuron microsculptured, 
with longitudinal ridges along posterior 
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Incastigmus mytior 3. 49, Mid and apical flagellomeres of antenna. 50, Head, dorsal; arrow 

margin; propodeum areolate, except for 
shiny area adjacent to metapleuron; pro- 
podeal enclosure indicated by carina. ME- 
TASOMA. First tergum shiny, succeeding 
terga with oily sheen; punctures minute, 

sparse, and obscure. Sterna with oily 
sheen, punctures increasing in density to- 
wards more posterior sterna and reaching 
maximum density on sternum VI where 
minute punctures are about 1 diameter 

apart in the median region. COLOR. Black. 
White: palpi; mandible, except apex; pron- 
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Cc RQ 3 Incastigmus mytior &. 5< Figs. 53-56. 

otal lobe. Yellow-brown: scape; pedicel; 
ventrally on flagellomeres I-II]; tegula; 

fore leg, except coxa and femur; mid leg, 
except coxa and femur; hind tarsus. 

Female.—Length 4.0-4.5 mm. Similar to 

male except as follows: antenna without 
tyli or specialized setae, flagellomere | 

length 2 * maximum width; clypeus 
shiny, punctures in median area 2 to 3 di- 

ameters apart; median clypeal lobe with 2 
apical teeth separated by a narrow, V- 
shaped emargination, and with 2 narrow- 
ly separated subapical pits from which 

, Head, dorsal. 54, Face. 55, Mesosoma, dorsal. 56, Mesosoma, lateral 

arise long setae; vertex and upper frons 

shiny, without microsculpture, punctures 
more regular and about 3 to 5 diameters 

apart; gena without microsculpture, shiny; 

genal punctures sparse, irregular, 3 or 
more diameters apart; elongate triangular 

micropore field present between com- 
pound eye and lateral ocellus; OOD 2.2 x 
LOD; median scutal groove occasionally 

reaching admedian lines; and hind tibia, 

hind trochanter, and hind tarsus yellow- 

brown. 
Material Examined.—24 6, 26°. HOLO- 
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TYPE MALE: Peru: Cuzco Dept.: Agua 

Calliente 21-28-XII-1983 L. Huggert 
(PMAE). Type locality is at base of Machu 
Picchu. Paratypes: BOLIVIA: [no locali- 
tyJl1d (NHMW). La Paz: Chulumani: 

1,700m 26-III-1979 M. Cooper B.M. 1979- 

216 (1d BMNH); 1,700m 2-IV-1979 M. 

Cooper B.M. 1979-216 (12 BMNH). BRA- 

ZIL: Mato Grosso: Itaum Dourados III- 

1974 M. Alvarenga (1d CNCI). Minas 

Gerais: Ouro Preto IV-1954 N.L.H. Krauss 

(1d USNM). Serra do Caraca S. Barbara 

1600m H-1969 F.M. Oliveira (12 AEIC). 

Pernambuco: Caruaru: 900m IV-1972 M. 

Alvarenga (1d 12 CNCI); V-1972 M. Al- 

varenga (1d PMAE); VII-1972 M. Alvar- 

enga (22 CNCI). Rio de Janeiro: Mangar- 
atiba Muriqui VII-1969 M. Alvarenga (1° 

AEIC). COLOMBIA: Cundinamarca: Fin- 

ca Bella Vista nr. Sasaima 7-VI-1965 P.R. 

& D.L. Craig (1d CASC). Huila: San 

Agustin 1,500m 8-XI-1971 M. Cooper B.M. 

1972-275 (16 BMNH). Valle del Cauca: 6 

mi W. Cali 1630m 20-III-1955 E.I. Schlinger 

& E.S. Ross (1d 12 CASC). Pance: (CVC) 

12-XII-1974-3 R. Wilkerson Mt. (1d FSCA); 

1,700m 15 km W. Cali 28-X-1974 very wet 

premontane forest R. Wilkerson Mt. (19 

FSCA). Penas Blancas 1750m 10km W. 

Cali: 23-XII-1974 R.C. Wilkerson very wet 

premontane forest Mt. (22 FSCA); 15-I- 

1975 R.C. Wilkerson very wet premontane 
forest Mt. (12 FSCA); 20-22-I-1975 R.C. 

Wilkerson very wet premontane forest Mt. 
(32 PSCA); 27-I-1975 R.C. Wilkerson very 

wet premontane forest Mt. (22 FSCA); 31- 

I-1975 R.C. Wilkerson very wet premon- 
tane forest Mt. (22 FSCA); Penas Blancas: 

12-11-1975 R. Wilkerson Mt. (12 FSCA); 

26-28-II-1975 R. Wilkerson Mt. (12 FSCA); 

5-7-III-1975 R. Wilkerson Mt. (22 FSCA); 

21-27-IV-1975 R. Wilkerson Mt. (12 

FSCA). ECUADOR: Guayas: Los Duen- 

des, S. Bolivar 10-VI-1965 Pena (1¢ 

MCZC). Napo: El Chaco 2000m II-1983 L. 

Masner, M. Sharkey (12 PMAE). Puerto 

Misahualli 30km E. 350m II-1983 M. Shar- 

key & L. Masner (1d PMAE). Pastaza: 

Puyo 44km S. 21-V-1977 D.L. & S.S. Vin- 
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cent (1d USNM). Pichincha: Perucho 

2000m 8-I-1974 L.E. Pena (1¢ AEIC). Za- 

mora-Chinchipe: [Rio Jumboe] 1-I'V-1965 

Pena (1d MCZC). PERU: Cuzco: Rio Uru- 

bamba 3km above Machu Picchu 2050m 

18-IV-1983 C. & M. Vardy B.M. 1983-217 

(13d 12 BMNH). Machu Picchu 29-XI-1965 

H. & M. Townes (16 AEIC). Agua Cal- 

liente 21-28-XII-1983 L. Huggert (1d 

PMAE). Huanuco: Huanuco 1,850m 19-20- 

IHI-1971 C. & M. Vardy B.M. 1971-533 (26 

BMNH). VENEZUELA: Lara: Parque Nac. 
Yacambu: 6-8-IV-1981 E.E. Grissell (2d 

USNM); 1200m cloud forest 9-V-1981 H. 

Townes (12 PMAE). Yacambu 1200m 10- 

V-1981 H.K. Townes (10 AEIC). 

15. Incastigmus neotropicus (Kohl) 
new combination 

Figs. 57-64 

Stigmus neotropicus Kohl 1890:64. Holotype, 

male (NHMW). Brazil, Neu-Granada, 1860; 

examined. 

Diagnosis.—Males are distinguished on 
the basis of the linear micropore field be- 
tween the compound eye and lateral ocel- 
lus, flagellomeres without ventral setal 

brush, flagellomere XI cylindrical, usually 

without tylus, and pronotal lobe rounded. 

Most females can be recognized by the 
dense appressed setae obscuring the clyp- 
eus and often the frons along the lower 
inner eye margin. In females of all other 
species, except thoracicus (which has a red 
thorax and no apparent median scutal 
groove), the surface of the clypeus is clear- 
ly visible between sparse setae. Females of 
neotropicus in which the clypeal setae are 
sparse, or have been worn off, are difficult 

to recognize, but the following characters 
may be of some assistance: clypeal lobe 
with 2 narrowly separated subapical pits; 
micropore field between compound eye 
and lateral ocellus small, narrowly elon- 
gate, triangular; lower gena without tooth 

or swelling; pronotal lobe rounded, white; 

scutum black, usually shiny posteriorly 
with weak microsculpture, and more or 

less irregularly ridged (sometimes with 
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a) 
Figs. 57-60. 

dorsal. 59, Mesosoma, dorsal. 60, Mesosoma, lateral. 

Incastigmus neotropicus ¢. 

strong irregular ridges); notauli incom- 
plete, median scutal groove usually atten- 
uating before or at admedian lines; meta- 
somal tergum I shiny, without micro- 

sculpture. 
This species is the most frequently col- 

lected Incastigmus and has the broadest 
distribution in the genus (Texas to Argen- 
tina). Several characters vary considerably 
in females and to a lesser extent in males, 
particularly the microsculpture of the 
head and scutum, clypeal setae, and the 
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57, Apical flagellomeres of antenna with tyli in profile. 58, Head, 
o 2 

degree of development of the irregular 

ridges on the scutum. Specimens from 

southern South have 

sparser clypeal setae in the female, com- 
pletely microsculptured more 

America tend to 

and 

strongly developed irregular scutal ridges. 
Probably neotropicus, as defined here, rep- 

resents 2 or more species, but even with 

the number of specimens on hand I am 

unable to find distinguishing characters, 

and therefore treat them all as a single 

species. 
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Figs. 61-64. 

Male.—Length 3.5-4.75 mm. HEAD. Fla- 
gellomeres entirely setose, but without 
ventral brush of setae; linear tyli present 
on flagellomeres I-X, sometimes weekly 

present on flagellomere XI; flagellomere | 
length 1.2 to 1.3 X maximum width as 
measured with tylus in profile; flagellom- 

ere X length 1.5 * maximum width as 
measured with tylus in profile; flagellom- 
ere XI straight, cylindrical, apex conical. 
Clypeus obscured by dense appressed se- 
tae which extend up frons along inner 

margins of eye to 3/4 height of scape; 
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Incastigmus neotropicus °. 61, Head dorsal. 62, Face. 63, Mesosoma, dorsal. 64. Mesosoma, lateral. 

head variably microsculptured, micro- 

sculpture ranging from strong throughout 
to weekly microsculptured and shiny on 
ocellar region; head punctures sparse, ir- 

regular, 3 or more diameters apart on ocel- 
lar region; gena with microsculpture, 

sometimes weakened ventrally, without 

ventral tooth or swelling; genal punctures 
sparse, 3 or more diameters apart on low- 
er region; linear micropore field present 
between compound eye and lateral ocel- 
lus; without depression behind it; OOD 

1.3-1.5 x LOD. MESOosOMA.—Transverse 
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pronotal carina toothed at humeral angle, 
and toothed ventrally; transverse pronotal 
groove longitudinally striate; pronotal 

lobe rounded, with poorly defined ante- 
rior carina; lateral pronotal region longi- 
tudinally striate. Scutum entirely micro- 
sculptured to shiny with weak micro- 
sculpture on posterior half; scutal punc- 
tures sparse, irregular, usually 5 or more 
diameters apart on median region; notauli 

attenuating near scutal midlength; median 
scutal groove attenuating near scutal mid- 
length, sometimes reaching admedian 
lines; posterior margin of scutum with 

several elongate ridges, but otherwise 
usually without ridges; scutellum micro- 
sculptured usually with median longitu- 
dinal sulcus and several punctures on lat- 
eral areas. Preomaular area anteriorly ob- 
scured by appressed setae. Mesopleuron 
usually densely microsculptured, but 
weekly microsculptured in some speci- 
mens; hypersternaulus, scrobal sulcus, 

and omaulus foveolate, usually more fine- 
ly so than in other species; metapleuron 

microsculptured with several longitudinal 
ridges on posterior margin. Propodeum 
shiny, with at most weak microsculpture, 

areolate, except for shiny area adjacent to 
metapleuron; carinae defining propodeal 
areolae relatively low compared to those 
of other species; propodeal enclosure de- 
fined by carina and distinct from lateral 
spheres. METASOMA. First tergum shiny, 
without microsculpture; succeeding terga 
with oily sheen; tergal punctures minute, 
obscure, many diameters apart; sterna 

with oily sheen, punctures sparse, irregu- 
lar and reaching maximum density on 
sternum V were punctures in lateral area 
are about 3 diameters apart. COLOR. Black. 
White: mandible, except apex; pronotal 

lobe. Yellow-brown: palpi; antenna entire- 

ly, or basal two-thirds; tegula; fore leg, ex- 

cept coxa; mid leg, except coxa; hind tar- 

sus; sterna VI-VIII. 
Female.—Length 4.0-4.5 mm. Similar to 

male except as follows: flagellomere I 
length 1.7 < maximum width, entirely se- 

5] 

tose, but without ventral setal brush, tyli 

absent; sculpture of clypeus usually ob- 

scured by dense appressed setae which 
extend up frons along inner eye margin to 
about 1/3 height of scape; median clypeal 
lobe with 2 blunt teeth separated by a nar- 
row emargination, and with 2 narrowly 

separated subapical pits from which long 
setae arise; in specimens where clypeal 
surface is visible, some microsculpture is 

- evident; clypeal punctures sparse, irregu- 

lar, 1 or more diameters apart in midre- 
gion; micropore field present as a narrow 
elemvate triangle between compound eye 
and lateral ocellus; OOD 1.8 to 2.4 LOD; 

posterior area of scutum of many speci- 

mens with varying degrees of irregular 
ridges; color slightly darker than in Adie, 

with basal half of antenna yellow-brown, 

and all femora darkened. 

Material Examined.—223 ¢, 427 9°. AR- 

GENTINA: [Mis. San [gnacio-Montecarlo] 
(12 BMNH). [San Isidro] (5¢ PMAE). 

Buenos Aires: Berisso (5d 12 AEIC). Lo- 

mas de Zamora, Colombres, 17km_ 5S. 

Buenos Aires (12 BMNH). Cordoba: Cor- 

doba (22 HES). Distrito Federal: Buenos 

Aires (22 IIES, 172 MACN, 12 ZMAN). 

Buenos Aires, La Plata (26 92 AEIC, 5¢ 

512 MCZC). Buenos Aires, Moreno (5d 

16@ IIES). Buenos Aires, Punta Lara (2d 

22 AEIC, 12 MCZC). Entre Rios: Sta. Co- 

lon (1¢ TES). Concordia (12 BMNH). 

[Pronumciamento] (32 FSAG). Jujuy: Le- 

desma (2? IIES). Posta Lozano (22 

MCZC). Misiones, Puerto Esperanza (1d 

22 IES). Santiago del Estero: Lago Muyo 
(23 IMLA). R. Salado 10km ENE. Colonia 

Dora (32 BMNH). Thermas de Rio Hondo 

(12 BMNH). Salta: El Tala 7km W. El i 

din 700m (12 RMNH). [Eusaccacion] (1 

HNHM). Guemes—Yuto (1% AEIC). 

Oran, Abra Grande (32 MCZC). Pocitos 

(66 3@ IIES). Rio Juramento (12 IMLA). 

Rio Pescado, ca. Oran (3 2? IMLA). Rosario 

Lerma (76 14° IIES). Tartagal (32 IES, 

1d 22 IMLA). Yacochuya (Cafayete) (2¢ 

IMLA, 22 MCZC). Tucuman: Amaicha 

del Valle (12 AEIC). Horco Molle, Tucu- 
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man (12 CNCI, 2¢ 22 IMLA, 76 59 

MCZC, 36 12 HNHM). Horco Molle, Tu- 

cuman; S. Pedro Colalao (12 IIES, 12 

IMLA, 12 MCZC). Quebrada Lules, Tu- 

cuman (246 MCZC). Tucuman, Trancas 

Tacanas (1d IMLA). BELIZE: Toledo: 

Blue Creek (12 PMAE). BOLIVIA: [no lo- 

cality] (8d NHMW). Cochabamba: Cocha- 

bamba (22 FSAG). Cochabamba—Santa 

Cruz km 335 (96 6@ IIES). El Beni: [Rur- 

renabaque] 175m (1d SEMC). Yungas Pal- 

mar, Chapare-Paracti (12 HES). La Paz: 
Chulumani, 1,700m (1¢ 52 BMNH). La 

Paz (22 MCZC). Tumupasa (12 USNM). 

Santa Cruz: Buena Vista (12 IMLA). El 

Palmar (12 IMLA). Roboré (29 IIES, 12 

SEMC). BRAZIL: [no locality] (1° 

NHMW). [Campinas] (3° BPBM). [Cha- 

pada] (1d CMNH, 22 USNM). [MG] La- 

vras (22 CSUC). [Neu-Granada] (16 

NHMW). [Para] (12 NHMW, 12 MPEG). 

Amazonas: R. Japura (12 MPEG). Bahia: 

[Enervzilhada] 960m (12 PMAE). Itabuna 

CEPEC (32° BMNH). Ceara: Ser. Do Ar- 

aripe 850m (1d 1¢ AEIC). Serrada Arari- 

pe, Crato (2d 12 PMAE). Serra de Batur- 

ite (32 MPEG). Distrito Federal: Brasilia 

N.P. (22 PMAE). Espirito Santo: Colatina 

(136 12 AEIC, 16 PMAE). Goias: Jatai (3° 

CNCI). Mato Grosso: Itaum Dourados 

(22 CNCI). Minas Gerais: Aguas Vermel- 
has 15°45’S 41°28’W 800m (32 AEIC). 

[Azul] (22 PMAE). Ouro Preto (2¢ 

USNM). Pedra Azul (12 AEIC, 12 CNCI). 

Pocos de Caldas (12 PMAE). S. Caraga, S. 

Barbara (12 AEIC, 26 12 PMAE). Parana: 

Curitiba (12 MCZC). Pernmbuco: Bonito 

(12 USNM). Caruaru (22 PMAE). Recife 

(1d BMNH). Rio de Janeiro: Guan., Flo- 

resta de Tijuca [Rio de Janeiro city?] I. (19 

AEIC). Repressa Rio Grande: Guanabara 
(12 AEIC, 22 CNCI, 26 PMAE). Rio de 

Janeiro (26 CMNH, 26 12 USNM). Rio 

de Janeiro, Campos (12 BPBM). Rio de Ja- 

neiro, Gavea (16 BMNH). Rio de Janeiro, 

Guanabara (12 CNCI). Rio de Janeiro, 

Murundu (12 HES). Rio Grande do Sul: 

[no locality] (1d 12 NHMW). Santa Ca- 

tarina: Nova Teutonia, 27°11'B 52°23’L 

JOURNAL OF HYMENOPTERA RESEARCH 

(26 BMNH, 32 MCZC). Santa Catarina 

(12 BMNH, 42 OSUO, 2d 192 MCZC). 

Sao Paulo: Cosmopolis (1d SEMC). Mogi 
Guacu (12 CNCI). Peruibe (1d 19 

USNM). S. Bocaina (16 PMAE). S.J. Bar- 

reiro, Serra de Bocaina (12 AEIC). Sao 

Paulo (4d 12 USNM, 14¢ 142 ZMUM). 

Villa Americana (22. BPBM). COLOM- 

BIA: Magdalena: (12 PMAE). N. Sierra 
Nevada de S. Marta, Rio Buritaca (12 

BMNH). 12km E. Santa Marta (12 

BMNH). 26km e Santa Marta (12 FSCA). 

Meta: Carimagua 17km S. El Porvenir (12 

FSCA). Rio Duda (1d BMNH). Villavicen- 

cio (12 BMNH). Valle del Cauca: Cali 

3000-4000’ (1d MCZC). Pance CVC 15km 

W. Cali (12 FSCA). COSTA RICA: Car- 

tago: Turrialba (22 SEMC, 1d USNM). 

Heredia: La Selva Biol. Sta. 10°26’N 

84°01'W (1d PMAE). San Jose: Santa Ana 

3,000’ (12. MCZC). ECUADOR: Guayas: 
Los Duendes, S. Bolivar (4d 52 MCZC). 

Napo: Puerto Miashualli, 30km E. (2d 1 
PMAEB). Tena 400m (43d 12 PMAE). Tena- 

Puyo Hwy. 5km N. Santa Clara (1d 

PMAE). Pastaza: Puyo (1d USNM). Pi- 

chincha: Guayllabamba 10km on Rio 

Pisque 2,500m (22 PMAE). 16km: SE. Sto. 

Domingo, Tinalandia 500m (12 CNCI). 

Tinalandia 800m (12. PMAE). Zamora- 

Chinchipe: Rio Jumboe (Zamora) (1d 

AEIC, 26 \MCZC). Yantzaza Gd 19 

MCZC). EL SALVADOR: La Libertad: 

Santa Tecla 900-950m (2d USNM). San 

Salvador: San Salvador (26 32 USNM). 

GUATEMALA:Guatemala: Guatemala 

City (83d BPBM). MEXICO: Chis., 32mi W. 

[San Cristobal] Jct. 190-195 Hwys. (1° 

CNCI) Chiapas: 100km SE. Palenque Bo- 

nampak (12 PMAE). Oaxaca: Donaji (1° 

ANIC). San Luis Potosi: El Bonito 7mi S. 

cuidad Valles 300’ (1d6 CASC). Sinaloa: 

Villa Union (1d MCZC). Veracruz-Llave: 

Veracruz (1d BMNH, 12 USNM). PAN- 

AMA: Canal Zone: Tabernilla (12 

USNM). PARAGUAY: [San Pedro/Grl. 

Artigas] (12 AEIC). Caaguazu: Caaguazu 
(12 IIES). Central: Asuncion (12 BPBM, 

4° USNM). Cordillera: S. Bernardino (6° 
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NHMW). Itapua: Pirapo (12 CNCI, 12 
ITES). PERU: [Rio Perepe] (12. USNM). 

Cuzco: Cuzco-Abancay road, Apurimac 

crossing at Cuya 1,900m (12 BMNH). 

Quillabamba (26 12 PMAE). Quincemil 

nr. Marcapata (1d AEIC). Rio Urubamba 

3km above Machu Picchu 2,050m (12 

BMNH). Huanuco: Huanuco 1,850m (1d 

BMNH). [Los Palmas] SW 1,000m (1¢ 

CASC). Monzon Valley, Tingo Maria (3d 

32 CASC). Tingo Maria (1d PMAE). Tin- 

go Maria, Cueva de Las Pavas (12 IMLA). 

Tocache (12 PMAE). Junin: Satipo (1d 

PMAE). Satipo [Paratuchali] (1d PMAE). 

Madre de Dios: [Laberinto], 70km W. 

Puerto Maldonado (12 PMAE). SURI- 

NAME: Marowijne: 80km E. of Paramar- 
ibo on Albina Hwy. (12 PMAE). TRINI- 

DAD & TOBAGO: [no locality] (1d 

MCZC). [Aripo Valley] (26 32 FSCA). 

[Caranege] (12 USNM). Morne Bleu (12 

AEIC). River Estate (1d USNM). Caroni: 

Brasso (16 BMNH). Gran Couva (2¢ 29 

BMNH). Pepper (1d BMNH). Nariva: Ec- 

clesville (12 BMNH). [Nariva Reservoir] 

(1d BMNH). [Machapore Hill] (12 

BMNH). Mayaro: Trinity Hills Reserve 
(1d 12 BMNH). Port-of-Spain: Port-of- 

Spain (1d USNM). St. George: Arima- 

[Blanchisuisse] road 8" mi. (36 1° 

USNM). Arena Reserve (22 BMNH). Ari- 

ma Ward, Simla N.Y. Zool. Soc. Sta. (1d 

FSCA). Arima Valley (22 BMNH). Aripo 

Valley (22 BMNH). Caura (16 12 

BMNH). El Tucuche south slope (146 

BMNH). El Tucuche west slope (1d 1 

BMNH). Hillsborough Dam (1d 18 
BMNRH). Lopinot (1d 12 BMNH). Mara- 

cas Bay Village (46 72 USNM). Maracas 

Valley (26 12 BMNH). [Point Gourde] 

(12 BMNH). St. Augustine (6d 82 
BMNH). Sta. Margarita, Curepe (1d 32 
BMNH, 12 CNCI, 12 PMAE). Simla-Ari- 

ma, Blanchisseuse Rd. nr. 4 1/4mi Post 

(1d 12 FSCA). Simla Field Sta. Arima Val- 

ley (82 FSCA). Simla Res. Sta. (8° FSCA). 

Tumpuna Reserve (12° BMNH). St. Pat- 
rick: Aripo Savanna (1d USNM). San Fer- 

nando: San Fernando Hill (2¢ USNM). 
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Tobago: [no locality] (1d6 BMNH). Adel- 

phi, 1mi ESE. (5d 12 FSCA). Archibold 

Estate, Roxborough (8d USNM). Back Hill 
roadside 700’ (1d 12 BMNH). Caledonia 

Rd. Cocoa plantation (1¢6 BMNH). Rox- 
burgh, Parlatuvier Rd. 2nd milestone (1d 

12 BMNH). St. John, Blood Bay (1° 

BMNBH). St. John, Cambleton (12 BMNH). 

St. John Prov. Hermitage River bridge, 

Charlotteville (1d USNM). St. Paul, Dela- 

ford (1d 12 BMNH). St. Paul, Parlatuvier 

Valley (16 12 BMNH). UNITED 

STATES: Texas: Brownsville (1d CASC, 

12 MCZC). Cameron Co., Southmost. (1° 

SEMC). Hidalgo Co., Bentsen Rio Grande 

Valley St. Pk. (22 USNM). VENEZUELA: 

Miranda-[Nucleo El Lanrel] 1200-1300m 

(1d IZAV). Bolivar: La Gran Sabana, Rd. 

to Kavanayen, 9km Chivaton 1,310m. (14 

MTEC). Carabobo: Los Guayos (1d 1° 

IZAV). Distrito Federal: Caracas (1d 

USNM). Lara: [no locality] (12 MCZC). 

Barquisimeto (1 2 MJMO). Cabudare 450m 
(15 MJMO). Sanare (1d AEIC). Merida: 

Merida, Sta. Rosa 2,000m (12° PMAE). Zu- 

lia: El Tucuco (32 AEIC, 22 PMAE). El 

Tucuco 45km SW. of Machiques (1° 
USNM). Maracaibo (22 AEIC). 

16. Incastigmus paranicus Finnamore 

new species 

Figs. 65-68 

Derivation of Name.—The name paranicus 
is derived from the distribution of this 
species in the Rio Parana watershed of 

Southern South America. 
Diagnosis—Males of this species are 

easily recognized on the basis of the linear 
micropore field between the lateral ocellus 
and compound eye, pronotal lobe round- 

ed, and a ventral setal brush on the fla- 
gellomeres. Females are more difficult to 

recognize, but the following combination 
of characters may help in recognition: 
clypeus with long setae arising from nar- 

rowly separated subapical pits on median 

clypeal lobe, clypeal surface not obscured 
by setae, gena without ventral tooth or 



Figs. 65-68. Incastigmus paranicus 

swelling, pronotal lobe rounded and 
white, mesosoma otherwise black, scutum 

with at most the median groove complete, 
mesopleuron with lower half of hypoepi- 
meral area shiny and without microsculp- 
ture, foveae of omaulus, scrobal sulcus 

and hypersternaulus relatively small so 

that the mid mesopleural area appears 
comparatively larger, and metasomal ter- 

gum I shiny, without microsculpture. This 
species closely resembles aylaxiter and neo- 
fropicus from which it differs in the male 
by the ventral brush of setae on the fla- 

2.65, Head, dorsal 
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7 = Sa 

. 66, Face. 67, Mesosoma, dorsal. 68. Mesosoma, lateral. 

gellomeres and in the female by less ex- 
tensive microsculpture, particularly on the 
lower half of the hypoepimeral area (shiny 
in paranicus and dull in aylaxiter), and by 
the sparse setae of the clypeus (not ob- 
scuring the underlying sculpture in par- 
anicus, unlike most neotropicus). 

Male.—Length 3.75-4.5 mm. HEAD. Fla- 
gellomeres I-XI with tyli; tylus on flagel- 
lomere XI imparting an asymmetrical ap- 

pearance, apex conical; flagellomeres with 

a ventral brush of specialized setae; fla- 

gellomere I length 1.5 * maximum width; 
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flagellomere X length 1.5 * apical width; 

clypeus obscured by dense appressed se- 
tae which extend up frons along inner eye 
margin to little more than the height of 
antennal socket; head nearly completely 
microsculptured, with microsculpture of 
frons merging with that of vertex; punc- 
tures of upper frons sparse, irregular, 
three or more diameters apart; gena mi- 

crosculptured throughout, or more shiny 
in lower area, with punctures sparse, often 

obscured; gena smoothly rounded in ven- 
tral region without tooth or swelling; mi- 
cropore field present as a long linear 
groove between compound eye and lateral 
ocellus; without depression behind it; 

OOD 1.3 to 1.5 x LOD. MESOSOMA. Trans- 
verse pronotal carina ending at humeral 
angle in a right angle and ventrally in a 
tooth; transverse pronotal groove of pron- 
otum longitudinally carinate; pronotal 
lobe rounded with a weak anterior carina; 
lateral pronotal region with longitudinal 
striae; scutum microsculptured through- 
out, punctures sparse, irregular and 3 or 

more diameters apart; notauli attenuated 
near scutal midlength; median scutal 

groove attenuated near scutal midlength, 

sometimes reaching admedian lines; pos- 

terior margin of scutum with several short 
longitudinal ridges. Scutellum micro- 
sculptured with a weak median longitu- 
dinal sulcus and a few punctures laterally. 
Sculpture of preomaular area not ob- 
scured by setae. Mesopleuron weakly mi- 
crosculptured, sometimes shiny, punc- 

tures sparse and many diameters apart; 

hypersternaulus, scrobal sulcus, and 
omaulus foveolate, with foveae relatively 
smaller than in other species, so that the 
mid mesopleural area appears compara- 
tively larger. Mesopleuron weakly micro- 
sculptured, with short longitudinal cari- 
nae on posterior margin. Propodeum 

shiny, with microsculpture weak, if pre- 

sent; propodeum entirely areolate, except 
shiny area adjacent to metapleuron; pro- 
podeal areolae relatively weaker than in 
other species; propodeal enclosure well- 
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defined. METASOMA. Tergum I shiny, suc- 
ceeding terga with an oily sheen; tergal 

punctures minute, sparse and obscure; 
sterna with an oily sheen, punctures 

sparse generally more dense medially and 
reaching greatest density on sternum VI 

were minute punctures are 1-2 diameters 

apart. COLOR. Black. White: pronotal lobe. 
Yellow-brown: mandibles, except apex; 
palpi; scape; pedicel; flagellomere I ven- 

trally; tegula; fore leg, except coxa; mid- 

leg, except coxa; hind tarsus. 

Female-—Length 44.5 mm. Similar to 
male except as follows: flagellomere | 
length 1.7 < maximum width; flagellom- 

eres without tyli, entirely setose. Clypeus 
shiny, without microsculpture, with punc- 
tures sparse, separated by 2 or more di- 
ameters medially; median clypeal lobe 
with 2 teeth separated by slight emargi- 
nation and long setae arising from pair of 
narrowly separated subapical pits; sculp- 
ture of frons along lower inner eye margin 
not obscured by setae; micropore field 
present as an oval or triangular elongate 
patch between compound eye and ocellus; 
OOD 2.2 * LOD. Color similar to male, 
except femora of legs darker. 

Material Examined.—34 3, 60 2. HO- 

LOTYPE MALE: Bolivia: Micapaca, La Paz 

5-III-1968 Garcia & Porter (MCZC). Para- 

types: ARGENTINA: Catamarca: Suncho 

12-X-1968. Porter (12. MCZC). Distrito 

Federal: Bs. Aires 4-V-1912 J. B. (18 

MACN). Jujuy: [Camino Cormisa] II-1984 
Fritz (12 TIES). Jujuy: 12-1-1966 H. & M. 
Townes (12 AEIC); 14-I-1966 H. & M. 

Townes (1° AEIC). Los Perales 12-[I-1951 

Mouros, Willink (16 IMLA). Posta Loza- 

no: 15-20-XII-1967 C. Porter (12 MCZC); 

27-X-2-XI-1968 C. Porter (1¢6 122 MCZC); 

21-23-I]-1969 C. Porter (1° MCZQC); 29-X- 

4-X]-1968 C. Porter (52 MCZC). Posta de 

Lozano: 21-23-III-1969 C. Porter (36 

MCZC); 26-X-1969 C. Porter (12 IMLA). 

Salta: Ruta 51, El Golgota I[V-1970 O.H. 

Casal (1¢ 19 IIES). Rosario Lerma X-1984 

Fritz (96 6@ HES). [Vezenyi], Metan I- 

1906 (12 HNHM). Tucuman: Dpto. Taff 
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Horco Molle 24-XI-1971 C. Porter (1¢ 

IMLA). Horco Molle, Tucuman: 6-15-X- 

1967 C. Porter (12 MCZC); 1-15-XI-1967 

C. Porter (1d MCZC); 10-23-XII-1967 C. 

Porter (42 MCZC); 9-30-IV-1968 C. Porter 

(1¢6 12 MCZC); 1-9-X-1968 C. Porter (14 

MCZC, 32 PMAE); IX-X-1968 C. Porter 

(22 MCZC, 12 CNCI); 15-IX-1-X-1968 C. 

Porter (12 MCZC); XII-1968 C. Porter (1° 

CNCI). Villa [Nogues] 24-XII-1965 H. & 

M. Townes (5d 12 AEIC). Horco Molle, 

Tucuman, Parque Sierra San Janvier 700m 
15-1-1976 L. Stange (1d 22 IMLA). [San 

Janvier]: 21-X-1950 M. Aczel (1d IMLA); 

1100m_ VII-1977 R. Goldbach MT (1° 

FSCA); 1100m 1-15-XII-1977 R. Golbach 

(22 FSCA). S. Pedro Colalao 15-19-XII- 

1964 C. Porter (83d MCZC). Tacanas 10- 

XU-1977 L. Stange (12 FSCA). Trancas 

Fritz (3¢ IIES). 20km W. S.M. de Tucuman 

10-XIJ-1971 D.J. Brothers (12 SEMC). Villa 

Nougues: 5-8-XII-1964 1250m C. Porter 

(12 MCZC); 13-I-1966 L. Stange (1° 

IMLA). Villa Padre Monti (12 IIES). BO- 

LIVIA: La Paz: [Micapaca] 5-HI-1968 Gar- 

cia & Porter (26 MCZC). BRAZIL: Sao 

Paulo: Sao Paulo: 20-VIII-1968 V.N. Alin 

(12 USNM); 14-X-1968 V.N. Alin (1° 

USNM). 

17. Incastigmus prophorodontis 
Finnamore new species 

Derivation of Name.—Prophorodontis is 
derived from the Greek terms, prophorixos, 
meaning oral, and odontis, meaning tooth, 

in reference to the slight tooth-like swell- 
ing on the lower gena of the female. 

Diagnosis.—Females of this species are 
similar to hexagonalis in possessing a 
tooth-like swelling on the lower genal re- 
gion, the tooth is smaller. Also, the medi- 

an clypeal lobe does not terminate in a 
pair of teeth separated by a deep emargi- 
nation (as it does in hexagonalis), but is 

truncate and without teeth. Males of this 
species are more difficult to separate from 
other species. They do not have a swelling 
on the lower gena and therefore cannot be 
confused with hexagonalis. The following 
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combination of characters will separate 
the males of this species its congeners: the 
median scutal groove contiguous with the 
admedian lines; flagellomeres without 
tyli, and length not more than 2 X apical 
width; extensive shiny areas on vertex, 

gena, and posterior 2/3 of scutum; micro- 
pore field oval; pronotal lobe rounded; 

and the mesosoma black. 
Male.—Length 3.5 mm. HEAD. Flagel- 

lomeres without tyli or specialized setae; 
flagellomere I length 2 * apical width; fla- 
gellomere X length 1.2 * apical width; fla- 
gellomere XI straight, cylindrical, apex 

conical. Clypeus obscured by dense ap- 
pressed setae which do not extend up 
frons along inner eye margin; frons mi- 
crosculptured; vertex shiny, sparsely 
punctate, punctures 2 or more diameters 

apart; a small oval micropore field present 
between compound eye and lateral ocel- 
lus; without depression behind it; gena 
shiny, with sparse irregular punctures, 

with those of ventral region 3 or more di- 
ameters apart; gena without ventral tooth, 
or swelling; lateral ocelli closer to each 
other than to compound eyes; OOD 1.6 x 
LOD. MEsosoMa. Transverse pronotal ca- 
rina toothed at humeral angle, and 
toothed medially and ventrally (6 teeth to- 

tal); transverse pronotal groove longitu- 
dinally striate; pronotal lobe rounded with 
a weak anterior carina; lateral pronotal 

area longitudinally striate. Anterolateral 
third of scutum weakly microsculptured, 
otherwise shiny, with strong, sparse, 

punctures, 4 or more diameters apart; no- 

tauli extending to the posterior third of the 
scutum; median scutal groove extending 
anteriorly to the admedian lines; posterior 
scutal margin with several short ridges 
parallel to median groove. Scutellum 
shiny, microsculptured posteriorly, with 
median longitudinal sulcus well devel- 
oped and several punctures in the median 
lateral area. Mesopleuron shiny, without 
microsculpture, with several scattered 

punctures; preomaular area anteriorly 

with sparse setae and sculpture visible; 
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hypersternaulus, scrobal sulcus, and 

omaulus, coarsely foveolate; metapleuron 
weakly microsculptured, with several lon- 
gitudinal striae. Propodeum shiny, with 

weak microsculpture, coarsely areolate ex- 
cept area adjacent to metapleuron which 
is shiny and irregularly microstriate; pro- 

podeal enclosure not differentiated from 
lateral spheres. METASOMA. Tergum I 

shiny, without microsculpture, with 

sparse obscure punctures; succeeding ter- 
ga with oily sheen. Sterna shiny, without 
microsculpture, punctures sparse and ir- 

regular, increasing only slightly in density 
on more posterior sterna. COLOR. Black. 
White: tip of pronotal lobe. Yellow-brown: 
palpi; mandible, except apex; antenna; 

pronotal lobe, except tip; tegula; fore leg, 
except coxa and fore femur; mid tibia and 

tarsus; hind tibia and tarsus; apical sterna. 

Female.—Length 4.5-5.0 mm. Similar to 

male except as follows: clypeus shiny, 

sparsely setose, sparsely punctate; clypeal 
punctures in median area 2 or more di- 

ameters apart; median clypeal lobe trun- 
cate, without teeth, long setae arising from 

subapical pits on median clypeal lobe; 
sculpture of frons along inner eye margin 

not obscured by appressed setae; lower 

gena with a small swelling adjacent to hy- 
postomal carina; OOD 2.4 x LOD; pron- 

otal lobe pointed, conical; color as in male, 
except white basally on mandibles, and 
yellow-brown on pronotal lobe, and mid- 
leg, except coxa. 

Material Examined.—1 ¢, 7 2. HOLO- 

TYPE FEMALE: Brazil: Goias: Jatai XI- 

1972 F.M. Oliveira (CNCI). Paratypes: BO- 

LIVIA: La Paz: Chulumani 1,700m 26-III- 

1979 M. Cooper B.M. 1979-216 (19 

BMNH). BRAZIL: Minas Gerais: Aguas 

Vermelhas 15°45’S 11°28’W 800m XII-1983 

Alvarenga (12: AEIC). COLOMBIA: Cau- 

ca: [San Andres de Pisimbaia] c 60km E. 

of Popayan 15-16-X-1971 1800m M. Coo- 
per B.M. 1972-275 (12 BMNH). ECUA- 

DOR: Napo: Tena, 23-II-1923 F.X. Wil- 
hams (1d BPBM). PANAMA: Canal 

Zone: Summit X-1946 N.L.H. Krauss (1° 
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USNM). TRINIDAD & TOBAGO: St. 

George: Arena Reserve 31-VII-1976 J.S. 

Noyes B.M. 1976-462 (12 BMNH). VEN- 

EZUELA: [San Esteban] X-1939 P. Anduze 

(12 USNM). 

18. Incastigmus pycnoglypticus 

Finnamore new species 

Derivation of Name.—The name pycnog- 

lypticus is derived from the Greek pycnos, 
meaning dense, and glypticos, meaning 
sculptured, in reference to the dense mi- 
crosculpture of the first metasomal ter- 
eum. 

Diagnosis.—The dull, densely micro- 
sculptured first metasomal tergum of this 
species is unique in the genus. 

Male.—Length 4.5-5.0 mm. HEAD. Fla- 
gellomeres without tyli or brush of spe- 
cialized setae; flagellomere I length 1.8 x 

maximum width; flagellomere X length 

1.3 * maximum width; flagellomere X] 
straight, cylindrical, apex conical. Clypeus 

obscured by dense appressed setae which 
extend up frons along inner margin of 

eyes to height of antennal socket; head mi- 
crosculptured, almost uniformly so; vertex 
and frons not distinguished from each 
other by differences in microsculpture, 
with punctures sparse; micropore field 
present as an oval patch between lateral 

ocellus and compound eye, without de- 
pression behind it; gena microsculptured 
throughout, obscurely punctate, nonstri- 

ate, without ventral swelling or tooth; lat- 

eral ocelli closer to each other than to com- 
pound eye, OOD 1.9 x LOD. MEsosoMA. 

Transverse pronotal carina toothed at hu- 
meral angle and ventrally; transverse 
pronotal groove longitudinally striate; 
pronotal lobe rounded, not produced, car- 

inate, or toothed; lateral pronotal area 
with longitudinal striae. Scutum micro- 

sculptured; scutal punctures sparse, irreg- 
ular, 3 or usually many more diameters 

apart; notauli attenuated posteriorly near 

scutal midlength, median scutal groove 

not reaching admedian lines, attenuated 

anteriorly near scutal midlength. Scutel- 
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lum microsculptured, with several punc- 
tures laterally. Mesopleuron dull, micro- 
sculptured, impunctate. Preomaular area 

without setae; hypersternaulus with sev- 
eral coarse foveae; scrobal sulcus and 
omaulus foveolate; metapleuron dull, mi- 

crosculptured, impunctate. Propodeum 
dull, microsculptured, coarsely areolate 

over lateral spheres and propodeal enclo- 
sure which are not differentiated; irregular 
striae adjacent to metapleuron. METASO- 
MA. First tergum dull, microsculptured; 
succeeding terga with oily sheen, without 
obvious microsculpture. Sterna somewhat 
more shiny than terga, with sparse punc- 

tures becoming increasingly dense on pos- 

terior sterna. COLOR. Black. White: prono- 
tal lobe. Yellow-brown: mandible, except 
apically; palpi; scape; pedicel; and flagel- 
lomeres I-V; fore leg, except coxa and me- 

dian two-thirds of femur; mid leg beyond 

femur; hind tarsus. 

Female.—Length 5.5-6 mm. Similar to 
male except as follows: flagellomere | 
length 2.1 * maximum width; clypeus 
shiny, sparsely punctate, sparsely setose; 
median clypeal lobe with a pair of teeth 
separated by a median emargination; with 
long setae arising from subapical pits in 
median teeth. OOD 3.5 « LOD. 

Material Examined.—2 3, 7 °. HOLO- 
TYPE FEMALE: Brazil: Nova Teutonia: 

Sta. Cat. 18-I-1962 Fritz Plaumann 
(MCZC). Paratypes: BRAZIL: [Maua] X- 

20, NLH Krauss (1d USNM). Rio Grande 

do Sul: Rio Gr. do Sul: Stieglmayr (12 

NHMW). Sao Paulo: Sado Paulo: (1d 58 

ZMUM). 

19. Incastigmus pyrrhopyxis Finnamore 
new species 
Figs.60=76 

Derivation of Name.—Pyrrhopyxis is de- 
rived from the Greek pyrrhos meaning 
flame-colored, and pyxis meaning box, in 

reference to the orange-red mesosoma of 
most individuals of this species. 

Diagnosis.—The red pronotum and the 
prominent lateral teeth are sufficient to 
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distinguish males and females of this spe- 
cies from all others in the genus. This spe- 
cies is distinguished from thoracicus by the 
well-developed median scutal groove. Fe- 
males can be distinguished from ignithorax 
on the basis of the bidentate clypeus, and 
distinguished from its closest relatives cae- 
lukhus and trichodocerus by extensive red 
coloration and the presence of microsculp- 
ture on the vertex and hypoepimeral area. 
Male.—Length 3.5-4 mm. HEAD. Flagel- 

lum with a brush of setae on the ventral 
surface; tyli absent; flagellomere I length 
1.8 apical width; flagellomere X length 
1.3 xX apical width; flagellomere XI 
straight, cylindrical, apex conical. Head 
microsculptured, with microsculpture 
more dense on frons, weaker on ocellar re- 

gion, and more dense on posterior vertex; 
clypeus obscured by dense appressed se- 
tae which extend narrowly up frons along 
inner eye margin about ?/, height of 
scape; micropore field present as an oval 
patch between lateral ocellus and com- 
pound eye, without a depression behind 
it; gena microsculptured, sparsely punc- 

tate, nonstriate; lower gena shiny, without 
ventral swelling; lateral ocelli closer to 

each other than to eyes, OOD 1.6 x LOD. 

MESOSOMA. Transverse pronotal carina 

toothed at humeral angle, and ventrally; 

transverse pronotal groove with longitu- 
dinal striae; pronotal lobe rounded; lateral 
pronotal area longitudinally carinate. Scu- 
tum microsculptured anteriorly, shiny 

posteriorly; notauli often reaching poste- 
rior margin of scutum; median scutal 

groove present and complete; scutal punc- 
tures few and sparse. Scutellum with mi- 
crosculpture. Mesopleuron microsculp- 
tured, impunctate; setae of preomaular 
area absent; hypersternaulus, scrobal sul- 
cus, and omaulus, coarsely foveolate. Me- 

tapleuron weakly microsculptured. Pro- 
podeum shiny, without microsculpture, 
coarsely areolate over most of surface, un- 
sculptured basolaterally; propodeal enclo- 

sure not differentiated from lateral 
spheres. METASOMA. Terga shiny, without 
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Figs. 69-72. Incastigmus pyrrhopyxis ¢. 
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69, Mid flagellomeres of antenna with arrow indicating ventral setal 

brush in profile. 70, Head, dorsal. 71, Mesosoma, dorsal. 72, Mesosoma, lateral. 

microsculpture; tergal punctures obscure, 

sparse. Anterior sterna shiny; posterior 

sterna weakly microsculptured, with 

punctures sparse, obscure. COLOR. Dark 
form: Black. Orange-red: pronotum, ter- 

gum VII. Yellow-brown: antenna, palpi, 

tegula, fore leg, mid leg, hind tibia basally, 

hind tarsus. White: mandible basal to api- 
cal teeth, pronotal lobe. Light form: Black. 
Orange-red: mesosoma. Yellow-brown: 
antenna; fore leg; mid leg; hind leg; tegula. 

White: mandible basal to apical teeth; pal- 

pi; pronotal lobe. 
Female—Length 3.5-4 mm. Similar to 

male except as follows: flagellomere I 

length 2.6 X apical width; clypeus shiny, 

with several punctures, setae sparse; me- 

dian clypeal lobe weakly emarginate, long 

subapical setae arising from narrowly sep- 

arated pits; OOD 1.6 LOD; color as 

above for light form, except propodeum 

rarely red. 
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Figs. 73-76. Incastigmus pyrrhopyxis &. 

lateral. 

Material Examined.—14 ¢, 27 2°. HO- 

LOTYPE MALE: COSTA RICA: Cartago, 

Turrialba 550 m CATIE 4-IX-1986. L. Mas- 

ner (PMAE). Paratypes: COLOMBIA: 

Choco: 950—-1000m 5°50-N 76°20-W 7-8-IV- 

1973 J. Helava Montane Rain Forest (1° 

PMAE). Magdalena: Bonda, Aug. Acc. 

No. 1999 (26 CMNH). Meta: Cord. Ma- 

carena 15-28-II-1976 M. Cooper B.M. 1976— 

305 (1d BMNH). Narino: Barbacoas 23-III- 

1974 M. Cooper B.M. 1974-327 (1° 

BMNH). Valle del Cauca: 3.2km E. Rio 

73, Head, dorsal. 74, Face. 75, Mesosoma, dorsal. 76, 
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Mesosoma, 

Aguaclara on old Cali Road 19-II-1967 
R.B. Root, W.L. Brown (12 MCZC). COS- 

TA RICA: Cartago: Turrialba C.A.T.LE. 
Reventazon Gorge 10-IX-1980 J. Woolley 

(26 PMAE). Turrialba CR49F19 (22 

USNM). Turrialba 15-18-VII-1965 P.J. 
Spangler (12 USNM). Guanacaste: Canas 

12mi SW 27-[-1964 25’ H.E. Evans (16 
MCZC). Heredia: F. La Selva 3km S. Pto. 

Viejo 10°26-N 84°01-W_ 1-IV-1985 H.A. 
Hespenheide (1d USNM). F. La Selva 3km 

S. Pto. Viejo 10°26-N 84°01-W 11-IV-1989 
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H.A. Hespenheide (1d PMAE). F. La Selva 

3km_ S. Pto. Viejo 10°26-N 84°01-W 26-VI- 

1985 H.A. Hespenheide (12 USNM). Pto. 

Viejo 50m H-1980 W. Mason, rain forest 

(12 CNCI). Puntarenas: Las Tablas ENE. 

Las Mellizas 15km ENE. San Vito 28-V- 

1987 A.L. Norrbom (12 USNM). Manuel 

Antonia N. P. 28-VIII-1981 L. Masner (22 

PMAE). Manuel Antonia N. P. 23-VIII- 

1986 L. Masner (12 PMAE). Manuel An- 

tonia N. P. 24-VIHI-1986 L. Masner (32 

PMAE). Manuel Antonia N. P. 26-VIII- 

1986 L. Masner (62 PMAE). ECUADOR: 

Napo: Limoncocha 250m 15-28-VI-1976 S. 

& J. Peck (12 CNCI). Pichincha: 49km S. 

Sto. Domingo, Rio Palenque Sta. 22-27-II- 

1976 S. Belwood (16 CNCI). Rio Palenque 

22-27-I-1976 (12 CNCI). 47km S. Sto. Do- 

mingo Rio Palenque Sta. II-1976 Howden 

(12 CNCI). Tinalandia 2-II-1983 Masner, 

Sharkey (12 PMAE). PERU: Loreto: [qui- 

tos NE. Rio Nanay 6-II-1984 L. Huggert 

(12 PMAE). TRINIDAD AND TOBA- 

GO: St. George: El Tucuche S. slope 25- 
VII-1976 J.S. Noyes Brit. Mus. 1976-462 

(12 BMNH). Tobago: Rep. P. 21-22-IX- 

1918 G-229 H.P. Dietz (46 USNM). 

20. Incastigmus strepsilineatus 

Finnamore new species 

Derivation of Name.—The name strepsili- 
neatus is derived from the Greek strevlos, 
meaning twisted, and the Latin linea, 
meaning line, in reference to the finger- 

print-like propodeal sculpture of this spe- 
cies. 

Diagnosis.—This species, known from a 

single male, can be recognized by the 
sculpture of its propodeum. This sculp- 
ture consists of fingerprint-like raised lines 
on the lateral areas and on the lateral 
spheres. Areolae are absent over these ar- 
eas, absent on the propodeal enclosure, 

and absent on the posterior surface. The 

lack of areolate propodeal sculpture is 
unique in the genus. The presence of a lin- 
ear micropore field indicates relationship 

with neotropicus, paranicus, aylaxiter, my- 

tior, and ceromus. 
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Male.—Length 3.5 mm. HEAD. Flagel- 
lomeres without specialized setae, tyli pre- 
sent as a line or fold on flagellomeres I to 
VU; flagellomere I length 1.5 X maximum 
width; flagellomere X length 1.3 X apical 
width; flagellomere XI straight, cylindri- 

cal, apex conical. Clypeus obscured by 
dense appressed setae which extend up 
frons along inner eye margin to */, height 
of scape; Head microsculptured, with ver- 

tex more shiny with weaker microsculp- 
ture; punctures of vertex Sparse, irregular, 

5 or more diameters apart in the median 

region; gena with weak microsculpture, 
sparsely punctate, without ventral tooth 

or swelling; micropore field present as a 
linear fold between compound eye and 
ocellus; without depression behind _ it; 
OOD 1.4 x LOD. MEsosomMa. Transverse 
pronotal carina slightly toothed at humer- 

al angle and ventrally; transverse pronotal 

groove, with weak longitudinal striae; 
pronotal lobe rounded, without anterior 
carina; lateral pronotal area longitudinally 
striate. Scutum shiny over posterior */, of 

surface, microsculptured anteriorly, with 

punctures sparse, irregular throughout, 
and 2 or more diameters apart on median 
area; notauli attenuating in posterior half 
of scutum; median scutal groove attenu- 

ating anteriorly near scutal midlength, not 

reaching admedian lines; posterior margin 
of scutum with a series of weak longitu- 
dinal ridges. Scutellum shiny, weakly mi- 

crosculptured, without median sulcus, 

and with several punctures on lateral ar- 

eas. Preomaular area with setae not ob- 

scuring underlying sculpture. Mesopleu- 
ron shiny, without microsculpture over 

most of surface; hypersternaulus, scrobal 
sulcus, and omaulus finely foveolate. Me- 

tapleuron shiny, without microsculpture 
and with several weak striae along pos- 

terior margin. Propodeum with finger- 

print-like striae laterally, and on lateral 
spheres; propodeal enclosure defined by a 
carina, and irregularly, longitudinally stri- 

ate. METASOMA. First tergum shiny, with- 

out microsculpture; succeeding terga with 
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sosoma, dorsal (prothorax missing). 80, Mesosoma, lateral (prothorax missing). 

an oily sheen, punctures minute, sparse, 

obscure. Sterna shiny, with oily sheen, 

punctures sparse, irregular and not in- 
creasing in density on more posterior ster- 
na. COLOR. Black. White: mandible, except 

apex; pronotal lobe. Yellow-brown: palpi; 
antenna; tegula; fore leg; mid leg; apex of 

hind coxa, hind trochanter, hind tibia, and 

hind tarsus. 

Female.-—Unknown. 

Material Examined.—1 3. HOLOTYPE 

MALE: Venezuela: GU, San Juan de los 
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Incastigmus sunicerus 3.77, Scape, pedicil, and basal 2 flagellomeres. 78, Head, dorsal. 79, Me- 

Morros 8-VIII-1964 J. & B. Bechyne 

(IZAV). 

21. Incastigmus sunicerus Finnamore 

new species 
Figs. 77-80 

Derivation of Name.—Sunicerus is de- 
rived from the Quichuan word = suni, 

meaning long, and the Greek keros, mean- 
ing horn, in reference to the elongate an- 
tenna found in this species. 

Diagnosis.—Males of this species are 
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easily distinguished by the elongate basal 
flagellomeres which reach well over 2 x 

their apical widths. Females, unfortunate- 

ly are not easily distinguished and are dif- 
ficult to diagnose. The following combi- 
nation of characters will help to identify 

females: clypeus with 2 long setae arising 
from a subapical transverse depression; 
clypeal sculpture visible, not obscured by 

dense appressed setae; gena without ven- 
tral tooth or swelling; occipital carina 
slightly raised ventrally; micropore field 

large, about 0.5 x OOD; mesosoma black, 

without red coloration, and with extensive 

shiny areas; pronotal lobes white, round- 

ed; notauli incomplete, attenuated medi- 

ally near scutal midlength; metasomal ter- 
gum I shiny, without microsculpture. 

Male.—Length 4.0-5.0 mm. HEAD. Fla- 

gellomeres without tyli or specialized se- 
tae; flagellomere I length 2.3 x apical 

width; flagellomere X length 2.0 < apical 

width; flagellomere XI about 2 x flagel- 

lomere X, and curved with roundly-trun- 

cate apex. Clypeus obscured by dense ap- 
pressed setae which extend up frons along 

inner margins of eyes to about half height 

of scape; frons microsculptured, punctures 
obscure; microsculpture of vertex slightly 
less than that of frons, punctures sparse, 3 

or more diameters apart; gena microsculp- 

tured, obscurely punctate, without ventral 

tooth or swelling; large oval microsculp- 

ture field (0.5 * OOD) present between 

lateral ocellus and compound eye; without 

depression behind it; OOD 1.4 x LOD. 

MersosoMA. Transverse pronotal carina 
forming a tooth at humeral angle and ven- 
trally; transverse pronotal groove longi- 

tudinally striate; pronotal lobe rounded, 
conical, anterior carina poorly developed; 
lateral pronotal area longitudinally striate. 
Scutum microsculptured anteriorly, shiny 
with less microsculpture posteriorly; scu- 
tal punctures on anterior half obscure, on 

posterior half course, 3 or more diameters 

apart; notauli extending slightly beyond 
scutal midlength and attenuating posteri- 
orly; median scutal groove extending to 
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admedian lines; posterior scutal margin 
with, short, weak irregular carinae. Scu- 

tellum microsculptured, with several me- 

diolateral punctures. Mesopleuron micro- 
sculptured and apparently impunctate; 

hypersternaulus, scrobal sulcus, and 
omaulus coarsely foveolate; metapleuron 

microsculptured, without longitudinal ca- 
rinae. Propodeum shiny, weakly micro- 
sculptured, coarsely areolate, except area 

-adjacent to metapleuron which is not 
sculptured; propodeal enclosure not dif- 
ferentiated from lateral spheres. METASO- 
MA. Terga shiny, without microsculpture, 

succeeding terga with oily sheen, punc- 
tures obscure. Sterna with weak micro- 

sculpture, with punctures reaching great- 
est density on sternum III and beyond, 3 

or more diameters apart. COLOR. Black. 
White: palpi; base of mandible; pronotal 
lobe. Yellow-brown: mandible, except 

base and apex; scape; pedicel; flagellom- 
eres I-IV; tegula; fore leg, except coxa; mid 

leg, except coxa; hind trochanter, hind tar- 

sus; and apical sternum. 

Female—Length 4-5 mm. Similar to 

male except as follows: flagellomere | 

length 1.6 < apical width; flagellomere X 

1.3 X apical width; flagellomere XI about 
1.5 x length of flagellomere X, and 

straight. Clypeus with setae not obscuring 

underlying sculpture, with relatively 
dense, close punctures, separated in me- 

dian area by 1-2 diameters; median clyp- 
eal lobe consisting of 2 teeth separated by 
a shallow emargination, with a subapical 

transverse depression from which long se- 
tae arise; frons along inner eye margin 

sparsely setose, sculpture not obscured; 
OOD 2.2>- LOD: 

Material Examined.—24 3, 16 °. HO- 

LOTYPE MALE: Brazil: MG: Ouro Preto 

IV-1954 N.L.H. Krauss (USNM). Para- 

types: BRAZIL: Minas Gerais: Barbacena 

26-X-1905 Ducke (1¢ MPEG). Ouro Preto 

[V-1954 N.L.H. Krauss (36 12 USNM). 

Sao Paulo: Ribeirao Pires: VI-1954 N.L.H. 

Krauss (16 USNM); 28-VI-1961 N.L.H. 

Krauss (26 USNM). Sao Paulo: (2d 3 
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ZMUM); 20-VIII-1968 V.N. Alin (26 

USNM); 13-XII-1968 V.N. Alin (146 

USNM); 10-X-1977 (1¢6 ZMUM); 24-X- 

1977 (12 ZMUM); 12-IV-1978 (43 18% 

ZMUM); 9-H-1979 (12 ZMUM); 25-VI- 

1979 (16 ZMUM); 16-VIII-1979 (3° 

ZMUM); 6-XII-1979 (12 ZMUM); 28-I- 

1981 (26 12 ZMUM); 17-II-1981 (1d 12 

ZMUM); 10-IH-1983 (23 ZMUM). [Sao Vi] 

IX-1961 N.L.H. Krauss (12 USNM). Rio 

de Janeiro: Represa Rio Grande, Guana- 

bara V-1972 M. Alvarenga (1° PMAE). 

Santa Catarina: Nova Teutonia, XII-1967 

F. Plaumann (16 MCZC). 

22. Incastigmus thoracicus (Ashmead) 

Stigmus thoracicus Ashmead 1900: 223. Holo- 

type, female (BMNH). St. Vincent W.I., H. 

Smith 238/ W. Indes 99-331 B.M. type Hym. 

21.885; examined. 

Stigmus smithii Ashmead 1900: 223. Holotype, 

male (BMNH). W. Indes 99-331 B.M. Hym. 

type 21.886; examined. Ashmead (1900) in- 

correctly described this specimen as a fe- 

male. 

Diagnosis.—Specimens with more exten- 

sive red coloration are distinguished by 
their red petiole. Darker (and lighter) 
specimens are distinguished by the full re- 
duction of the median scutal groove, shiny 

hypoepimeral area, and rounded corners 
of the transverse pronotal carina. 
Male.—Length 3.0-3.8 mm. HEAD. Fla- 

gellomeres without tyli or specialized se- 
tae; flagellomere I length 2.0 X apical 
width; flagellomere X length 1.1 x apical 

width; flagellomere XI straight, cylindri- 

cal, apex conical. Head microsculptured, 
almost uniformly so; clypeus obscured by 
dense appressed setae which extend 
broadly up frons along inner eye margin 
to height of scape; vertex and frons uni- 

formly microsculptured; upper frons and 
vertex with slightly less microsculpture 
and with sparse, obscure punctures; mi- 

cropore field present as an oval patch be- 
tween compound eye and lateral ocellus; 

without depression behind it; gena mi- 

crosculptured, sparsely punctate, non- 
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striate, without ventral swelling or tooth; 

lateral ocelli closer to each other than to 

eyes. OOD 2.0 x LOD. MEsOsoMa. Trans- 

verse pronotal carina rounded at humeral 

angle, not toothed or produced; transverse 
pronotal groove with weak longitudinal 
striae; pronotal lobe rounded, not toothed; 

lateral pronotal area with several weak 
striae. Scutum shiny, weakly microsculp- 

tured; punctures minute, sparse; notauli 

present anteriorly; median scutal groove 

undeveloped, evident posteriorly as one 
of many weak foveae on posterior scutal 

margin. Scutellum and mesopleuron 
shiny, without microsculpture; mesopleu- 
ron impunctate, except sternopleural re- 

gion with minute sparse punctures; preo- 

maular area anteriorly with sparse setae; 

hypersternaulus without foveae; scrobal 
sulcus and omaulus weakly foveolate. Me- 

tapleuron microsculptured on ventral half, 
otherwise shiny, impunctate. Propodeum 
shiny, without microsculpture over most 

of basolateral surface and dorsolateral 

spheres; basolateral propodeal area adja- 
cent to metapleuron without sculpture; 

propodeal enclosure weakly areolate, with 
smaller areolae than on dorsolateral 

spheres, the 2 groups of areolae separated 
by a smooth unsculptured area. METASO- 
MA. Terga shiny, without microsculpture, 

punctures sparse, obscure. Sterna weakly 
microsculptured, punctures sparse but in- 
creasing in density on posterior sterna. 

Cotor. Dark form: Black. White: palpi; 

mandible, except apex; spot on pronotal 

lobe; hind tibia on base. Yellow to yellow- 

brown: antenna; pronotum, except dorsal- 

ly and spot on pronotal lobe; mesopleu- 

ron, anteriorly; fore leg; mid leg; hind tro- 

chanter and tarsus; tegula. Light form: 

Black. White: palpi; mandible, except api- 
cally; spot on pronotal lobe; fore tibia and 

tarsus; mid tibia and tarsus; basal half or 

more of hind tibia, and tarsus. Yellow-or- 

ange: antenna; mesosoma, except propo- 

deal dorsum; fore leg, basal to tibia; mid 

leg, basal to tibia; hind leg, basal to tibia 
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and apex of tibia; petiole, except ventral 
apex; apical 1 or more sterna. 
Female—Length 3.9 mm. Similar to 

male except as follows: flagellomere | 
length 3.0 X apical width; clypeus shiny, 
with several punctures, setae sparse; clyp- 

eal lobe with a pair of median teeth sep- 
arated by a shallow emargination and 
from which arise long setae; frons along 
inner eye margin sparsely setose, with 

sculpture not obscured; OOD 2.5 « LOD; 
color, as above for light form, except white 

on scape and orange on clypeus and pro- 
podeal dorsum. 

Material Examined.—5 3, 3 2. DOM- 

INICA: Springfield (26 22 USNM). Point 

Casse Rd (16 USNM). GRENADA: 2500 
feet (16 MCZC). Botanical Garden (1° 

USNM). ST. VINCENT: [no locality] (1° 

BMNH). WEST INDIES: [no locality] (1d 

BMNH). 

23. Incastigmus trichodocerus Finnamore 
new species 

Figs. 81-88 

Derivation of Name.—The name trichodo- 
cerus is derived from the Greek trichodes, 
meaning hairy, and keros, meaning horn, 
in reference to the specialized setae on the 
ventral surface of the antennae of mem- 
bers of this species. 

Diagnosis.—Males can be recognized by 
the specialized setal brush on the ventral 
surface of the flagellum, shiny vertex, and 
oval micropore field. Females can be dis- 
tinguished from other species on the basis 
of the median clypeal lobe which has a 
subapical semicircular depression, and a 
hypoepimeral area which is without mi- 
crosculpture on at least its ventral half. 
This species closely resembles pyrrhopyxis 
and caelukhus, which share a setal brush 
on the ventral surface of the flagellomeres. 
However, neither of these species has a 
shiny vertex in the male, or a shiny hy- 
poepimeral area in the female. 

Male.—Length 3.5-4.0 mm. HEAD. Fla- 
gellomeres with a ventral brush of short 
setae, tyli absent; flagellomere I length 1.8 
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x apical width; flagellomere X length 1.3 

x apical width; flagellomere XI straight, 
cylindrical, apex conical. Clypeus ob- 
scured by dense appressed setae which 
extend up frons along inner margins of 
eyes to about half height of scape; frons 
coarsely microsculptured, frons with area 
anterior to mid ocellus shiny, usually 

weakly microsculptured, sometimes with- 
out microsculpture; punctures on upper 
frons and vertex sparse, more or less even- 
ly spaced, 3 or more diameters apart; oval 

micropore field present between com- 
pound eye and lateral ocellus, without de- 
pression behind it; gena weakly micro- 
sculptured with scattered punctures, with- 
out ventral tooth or swelling; lateral ocelli 

closer to each other than compound eye; 
OOD 2.0 x LOD. MEsosomMa. Transverse 
pronotal carina forming a right angle at 
humeral angle and toothed ventrally; 
transverse pronotal groove longitudinally 
striate; pronotal lobe rounded, without an- 
terior carina; lateral pronotal area longi- 
tudinally striate. Scutum variable, gener- 

ally some degree of irregular longitudinal 
ridges present posteriorly, and micro- 

sculpture variable from absent to present 
on posterior half; notauli reaching mid- 
length of scutum, usually attenuating 
shortly thereafter, sometimes reaching 

posterior margin; median scutal groove 
reaching admedian lines and contiguous 
for short distance with them. Scutellum 

shiny or with weak microsculpture and a 
few lateral punctures. Preomaular area 

with sparse setae. Mesopleuron shiny, mi- 
crosculpture not present; punctures weak, 

sparse, many diameters apart; hyperster- 
naulus, scrobal and omaulus 

coarsely foveolate. Metapleuron micro- 

sculptured, with several short longitudi- 

nal ridges on posterior margin with pro- 

podeum. Propodeum shiny, without mi- 

crosculpture, or sometimes with weak mi- 

sulcus, 

crosculpture; propodeum _— coarsely 
areolate except for shiny, unsculptured 
area adjacent to metapleuron; propodeal 

enclosure not differentiated from lateral 



Figs. 81-84. 

profile. 82, Head, dorsal. 83, Mesosoma, dorsal. 84, Mesosoma, lateral. 

spheres. METASOMA. First tergum shiny, 
without microsculpture, succeeding terga 
with an oily sheen, punctures minute, 
sparse, many diameters apart; sterna 

shiny, without microsculpture, with oily 
sheen; punctures sparse on anterior sterna 

but increasing in density on more poste- 

rior sterna; punctures on sternum VI 

about 2 diameters apart on lateral area 
and impunctate medially. CoLor. Black. 
White: mandible except apex; pronotal 
lobe. Yellow-brown: palpi; scape; pedicel; 
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Incastigmus trichodocerus 3. 81, Mid flagellomeres of antenna with setal brush (erect setae) in 

ventrally on flagellomeres I-V or more; te- 

gula; fore leg, except coxa; mid leg, except 
coxa and femur; hind tarsus; apical ter- 

gum and sternum. 
Female.—Length 4.0 mm. Similar to 

male except as follows: flagellomeres with 
ventral setae, but not forming a brush; fla- 

gellomere I length 1.7 * apical width; 
clypeus shiny, setae sparse, sometimes 

with weak microsculpture, punctures 1-2 

diameters apart medially; median clypeal 
lobe truncate with subapical semicircular 
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Figs. 85-88. 

lateral. 

Incastigmus trichodocerus &. 

depression from which long setae arise; 
frons along inner eye margin between 
compound eye and antennal socket par- 
tially obscured by setae; OOD 1.8 x LOD; 
notauli of scutum often reaching posterior 

scutal margin; punctures of sternum VI on 

lateral regions about 1 diameter apart. 

Material Examined.—75 oc, 1472. HO- 

LOTYPE MALE: Ecuador: Pichincha Prov. 
Tinalandia, 16 km S. Sto. Domingo 15-VI- 

1975 S. & J. Peck (PMAE). Paratypes: 
BRAZIL: Sao Paulo: Sao Paulo (12 

85, Head dorsal. 86, Face. 87, Mesosoma, dorsal. 88, Mesosoma, 

ZMUM). COLOMBIA: Meta: Restrepo 18- 

VI-1974 L. Stange (12 IMLA). Norte de 

Santander: Santiago 2—4000’ 11-V-1974 J 

Peck (1d PMAE). ECUADOR: [Bucay] 

1000’: 9-X-1922 F.X. Williams (12 BPBM); 

10-X-1922 F.X. Williams (1¢6 12 BPBM). 

[Huigra] 4000’ 31-V-1923 F.X. Williams 

(12 BPBM). Los Rios: Quevedo IV-1976 

Fritz (12 HES). Napo: Puerto Misahualli 

350m II-1983 Sharkey (12 PMAE). Pichin- 

cha: Garrapata W. Sto. Domingo 28-XII- 

1970 Luis E. Pena (1¢ AEIC). Quito/S. 
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Domingo 600/1000m 3-1-1971 Luis E. Pena 

(1d AEIC). Rio Palenque: II-1976 G.E.5 
(1d PMAE); 22-II-1976 G. Shewell (12 

PMAE); 22-27-I-1976 (1 2 CNCI); 4-11-1983 

Masner & Sharkey (6d 12 PMAE). Rio 

Palenque Res. Sta. II-1983 200m M. Shar- 

key & L. Masner (8d 42 PMAE). 16 km 

5. Sto. Domingo 15-VI-1975 S. & J. Peck 
(10d 232 PMAE); 44km S. Santo Domingo 

Rio Palenque Res. Sta. 22-27-II-1976 J. Bel- 

wood (12 CNCI). 47 km S. Sto. Domingo 
Rio Palenque Sta.: 22-31-VU-1976 S. & J. 

Peck (436 42 CNCI); 29-IV-5-V-1987 

Brown & Coote 160-180m rainforest (42 

PMAE). Sto. Domingo 16km SE. Tinalan- 

dia 500m 4-14-VI-1976 S. & J. Peck (12¢ 

52¢ CNCI). 15 km E. Sto. Domingo Tina- 

landia 2000’ 25-26-II-1981 Howden (12 

PMAEB). Tinalandia: 680m 15-30-VI-1975 S. 

& J. Peck (26 PMAE); 14-VI-1976 S. & J. 

Peck (26 162 PMAE); 2-II-1983 M. Shar- 

key & L. Masner (6d 92 PMAE); 800m II- 
1983 M. Sharkey & L. Masner (846 29 

PMAE); 800m HI-1983 M. L. Masner & M. 

Sharkey (1d 52 PMAE). Tinalandia, 16km 

SE. Sto. Domingo 14-VI-1976 S. & J. Peck 

(12 PMAEB). Tinalandia, 16km SE. Sto. Do- 

mingo 680m 15-30-VI-1975 S. & J. Peck 
(112 CNCI, 12 PMAE). Tungurahua: 

Yanayacu 300m 29-30-VHI-1977 L.E. Pena 

B.M. 1978-293 (16 BMNH). PARAGUAY: 

Cordillera: Piareta XII-1971 Pena (12 

HES). PERU: Cuzco: Quillabamba 23-27- 

XH-1983 L. Huggert (86 PMAE). Huanu- 

co: Tingo Maria 10-12-VII-1974 C. Porter, 

L. Stange (1d IMLA). 26mi E. Tingo Maria 

1100m 10-XH-1954 E.I. Schlinger, E.S. Ross 

(1d CASC). Junin: Satipo 18-I-1984 L. 

Huggert (1d PMAE). Piura: [Querecotillo] 

23-VII-1982 R.B. Miller, L.A. Stange (16 

FSCA). SURINAME:  Brokopondo: 

Brownsberg 12-18-I-1985 T.W. Thormin 

(12 PMAE). TRINIDAD & TOBAGO: 

Tobago: Archibald Estate, Roxborough 6- 

XI-1918 H. Morrison (12 USNM). VENE- 

ZUELA: Zulia: El Tucuco 200m _ 26-IV- 

1981 L. Masner (1d PMAE). Maracaibo 24- 

[V-1981 H.K. Townes (1d AEIC). 

JOURNAL OF HYMENOPTERA RESEARCH 

24. Incastigmus urgicus Finnamore 
new species 

Derivation of Name.—The name is de- 
rived the Quichuan urgo, meaning hill; 

and the Geerk ikos, meaning belonging to, 

in reference to the type locality in the hilly 

country of Minas Gerais, Brasil. 

Diagnosis.—This species is one of those 
with a reduced median scutal groove that 
is confined to the posterior part of the scu- 
tum and does not reach the admedian 

lines. Unlike other species with a reduced 

scutal groove it has a white, toothed pron- 

otal lobe in the male, and, in the female a 

toothed, brown pronotal lobe, black me- 

sosoma, and the absence of lateral clypeal 

teeth. Although this species is known 
from only 2 specimens and might appear 
to be conspecific with either chincha or 
mauracis, the lack of a lateral tooth on the 

female clypeal margin is a substantial dif- 

ference from either of those species. 

Male.—Length 3.5 mm. HEAD. Flagel- 
lomeres without tyli or specialized setae; 

flagellomere I length 1.7 apical width; 
flagellomere X length 1.6 apical width; 

flagellomere XI straight, cylindrical, apex 

conical. Clypeus obscured by dense ap- 
pressed setae which extend up frons along 
inner margins of eyes to approximately 
twice the height of antennal socket. Frons 

uniformly microsculptured with punc- 
tures obscure; vertex more shiny, weakly 

microsculptured, punctures sparse, 3 or 
more diameters apart; gena microsculp- 
tured, more strongly so than vertex; genal 

punctures sparse, obscure; gena without 

ventral tooth or swelling; micropore field 
present as a small, oval patch between 
compound eye and lateral ocellus, without 

depression behind it; lateral ocelli closer to 

each other than to compound eyes. OOD 

1.6 < LOD. MESOSOMA. Transverse pron- 

otal carina forming a right angle at hu- 
meral angle and toothed or produced ven- 

trally, transverse pronotal groove with 

longitudinal striae; pronotal lobe weakly 

toothed, with weak anterior carina; lateral 
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pronotal area with several longitudinal 
striae. Scutum microsculptured anteriorly, 
posterior half more shiny, with weak mi- 
crosculpture, and with strong punctures 
that are about 2 diameters apart; notauli 
present anteriorly, attenuated posteriorly 
near scutal midlength; median scutal 
groove present posteriorly, attenuated 

near scutal midlength and not reaching 
admedian lines; posterior scutal margin 

with a series of short ridges parallel to me- 
dian groove. Scutellum weakly micro- 
sculptured, with several obscure median 
punctures and a longitudinal sulcus. Preo- 
maular area with sculpture plainly visible 
and setae obscure. Mesopleuron with hy- 
persternaulus, scrobal sulcus, and omau- 
lus coarsely foveolate; mesopleuron oth- 

erwise shiny and microsculpture weak, 

mostly impunctate. Metapleuron dull, mi- 
crosculptured with several irregular lon- 
gitudinal ridges. Propodeum dull, micro- 

sculptured over most of surface and 
coarsely areolate; propodeal enclosure not 
differentiated from lateral spheres; baso- 

lateral propodeal area adjacent to meta- 
pleuron shiny, unsculptured. METASOMA. 

Tergum I shiny, without microsculpture; 

tergal punctures small, obscure, not read- 
ily evident; sterna shiny, microsculpture 

weak and punctures sparse, not increasing 
in density towards posterior sterna. COL- 
OR. Black. White: palpi, and pronotal lobe. 

Yellow-brown: mandible, except apex; an- 
tenna, except flagellomere XI; tegula; fore 

leg; mid leg; hind trochanter, hind tibia 

and hind tarsus. 
Female-—Length 5 mm. Similar to male 

except as follows: flagellomere I length 1.8 
< apical width; clypeus shiny, setae and 

punctures sparse, the latter about 2 di- 

ameters apart medially; median clypeal 
lobe with 2 teeth separated by a narrow 
U-shaped emargination, long setae arise 
from subapical pit on each tooth; apical 

clypeal margin without lateral teeth. Frons 
along inner eye margin not obscured by 
appressed setae; punctures of vertex and 
gena stronger than those of male, 2 or 
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more diameters apart. OOD 2.2 x LOD. 

Scutum with some tendency toward 
ridged, striatopunctate sculpture antero- 
laterally, posteriorly, and medially. Color 
as in male, except pronotal lobes brown. 

Material Examined.—1 3, 1 °. HOLO- 

TYPE FEMALE: Brazil: Serra do Caraca, S. 

Barbara, M. Ger. 1600m II-1969 F.M. Oliv- 
eira (AEIC). Paratype: BRAZIL: Bahia: 
Itabuna CEPEC XI-1978 F.P. Benton, Mu- 

curi (1d BMNH). 

25. Incastigmus zephyrus Finnamore 
new species 

Derivation of Name.—The name is de- 

rived from the Latin Zephyrus, meaning a 
west wind. 

Diagnosis.—The reduction of the median 
scutal groove to an elongate pit on the 
posterior scutal margin, yellow to red 
pronotal lobe, and the pronotum with a 

tooth on the transverse carina at the hu- 
meral angle that is larger than the tooth 
on the vertical carina, suffice to distin- 
guish males and females of this species. In 
addition, the female is distinguished from 
the similar mystaxalbus, by its black clyp- 
eus (mystaxalbus has the apical third of its 
clypeus white and the transverse pronotal 
carina slightly obtuse at the humeral an- 

gle). 
Male.—Length 3.5-4.0 mm. HEAD. Fla- 

gellomeres without tyli or specialized se- 
tae; flagellomere I length 1.56 x apical 
width; flagellomere X length 1.3 * apical 
width; flagellomere XI straight, cylindri- 

cal, apex conical. Clypeus obscured by 
dense appressed setae that extend up 
frons along inner eye margin to about half 
height of scape. Frons uniformly micro- 
sculptured without punctures except on 

upper area; vertex more shiny, weakly mi- 
crosculptured, with punctures small and 

sparse, 3-5 diameters apart. Genal micro- 
sculpture and punctation similar to that of 
vertex; gena without ventral tooth or 
swelling. Micropore field a small diffuse 
circle between lateral ocellus and com- 
pound eye, without depression behind it. 
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Lateral ocelli closer to each other than to 

compound eye; OOD 1.6 x LOD. MEso- 
SOMA. Transverse pronotal carina toothed 

at humeral angle and with a smaller, ven- 

tral blunt tooth; transverse pronotal 

groove longitudinally striate; pronotal 
lobe rounded; lateral pronotal area longi- 
tudinally striate. Scutum microsculptured 

with punctures 3 or more diameters apart; 

notauli attenuated near anterior third of 

scutum; median scutal groove reduced to 

an elongate pit on posterior scutal margin, 
the latter with several short, evanescent, 

longitudinal ridges on each side of the 
midline. Scutellum weakly microsculp- 

tured on anterior */, and with several me- 

diolateral punctures. Preomaular area 

with sculpture plainly visible and setae 

absent. Mesopleuron with hypersternau- 
lus, scrobal sulcus, and omaulus coarsely 

foveolate; mesopleuron obscurely punc- 

tate, otherwise shiny with weak micro- 
sculpture. Metapleuron dull, microsculp- 

tured, and without ridges. Propodeum 
shiny and coarsely areolate, enclosure not 

differentiated from lateral spheres, baso- 
lateral propodeal area adjacent to meta- 
pleuron shiny with irregular microstriae. 
METASOMA. Tergum I shiny, without mi- 

crosculpture; tergal punctures sparse, ir- 

regular, a few to many diameters apart 
and increasing in strength on more pos- 
terior terga. Sterna shiny, microsculpture 
weak; sternal punctures of similar density 
on sterna beyond S2. COLor. Black. White: 
palpi. Yellow-brown: mandible, except 

apex and base; antenna ventrally; pronotal 
lobe; tegula; fore trochanter; fore femur on 
base and apex, sometimes entirely; fore 

tibia and fore tarsus; mid trochanter; 

sometimes mid femur; mid tibia and mid 

tarsus; hind tibial base and apex, some- 

times entirely; hind tarsus; metasomal ter- 

gum VII and sterna VI and VIII. 

Female.—Length 3.5-4 mm. Similar to 
male except as follows: flagellomere | 
length 2 x apical width; clypeus shiny, se- 
tae and punctures sparse, the latter about 
2 diameters apart medially; median clyp- 
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eal lobe with 2 teeth separated by a weak 

emargination, long setae arise from sub- 
apical pit on each tooth; apical clypeal 

margin without lateral teeth; frons along 
inner eye margin not obscured by ap- 
pressed setae; upper frons, vertex and 
gena sometimes shiny, without micro- 

sculpture; OOD 2.25 x LOD; scutum 

sometimes shiny posteriorly and punc- 
tures stronger than in male; color as in 

male but legs generally darker (femora 
and tibiae often black) and in light forms 

parts of the pronotum, scutum, scutellum, 

and mesopleuron may be red-brown. 

Material Examined.—56, 72. HOLO- 

TYPE MALE: Guatemala: Jalapa 3km S. 

Jalapa, 12-13-IX-1987, 1300m Sharkey 

(CNCI). Paratypes: COSTA RICA: Pun- 
tarenas: San Vito, Las Alturas 1500m VIII- 

1991 Hanson & Godoy (12 MUCR). San 
José: Escazu 20-V-1987 H. & M. Townes 

(1d AEIC). GUATEMALA: Chimalten- 

ango: Yepocapa 1-V-1948 H.T. Dalmat (1° 
USNM). Jalapa: 3km S. Jalapa 12-IX-1987 
M. Sharkey 1400m (12 CNCI); 12-13-IX- 

1987 M. Sharkey 1300m (12 CNCI). Sa- 
catepequez: Antigua X-1965 NLH Krauss 
(12 USNM); 30-V-1973 (2d PMAE). MEX- 

ICO: Quintana Roo: [Kohuniich Ruins] 30 

mi E. [Chetmal] 15-VII-1983 R. Anderson, 

mix. cohune palm for. 350 ft. (1° PMAE). 

NICARAGUA: [Santo Maria de Ostuma] 

XI-1959 NLH Krauss (1d USNM). PAN- 

AMA: Chiriqui: Volcan 1-3-VI-1983 Mt, 

1470m P.J. Spangler, R.A. Faitoute, W.E. 

Steiner (12 USNM). 
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Abstract.—The family Mutillidae in America north of Mexico is represented by 19 genera, in- 

cluding three of the seven world subfamilies. Five of these genera are further represented at the 

subgeneric level, giving a total of 27 taxa represented at the generic or subgeneric level. Caenotilla 

Pitts and Manley, new genus, is described and illustrated with its type species choreocarina Pitts 

and Manley, new species. This genus is based on females only and can be distinguished from 

other New World genera by the presence of a carina that delimits the pronotum from the me- 

sonotum, presence of two carinae in the scutellar region (one being the scutellar scale), the shape 

of the thorax, the presence of plumose pubescence and the presence of carinae that laterally define 

the pygidial area. Mutillidae has remained poorly studied taxonomically and biologically for sev- 

eral reasons, one being marked sexual dimorphism. Consequently, many genera are known from 

only one sex. Of the 27 New World genera and subgenera, 12 are known by only one sex. A 

further impediment to advancement of mutillid taxonomy is the lack of a key to the genera. 

Presented here is a key to the genera and subgenera of Mutillidae in America north of Mexico, 

and generic diagnoses are given. 
« Cc a 

The family Mutillidae is found world- 
wide, but is predominantly tropical. It 
contains approximately 8,000 species 
(Brothers 1975). The genus Mutilla was 

first described in 1758 by Linnaeus. Since 
then, approximately 230 genera and sub- 
genera have been described worldwide. 
Brothers (1975) investigated the phyloge- 
ny of Mutillidae and recognized seven 
monophyletic subfamilies. Lelej and Ne- 
mkov (1997) proposed a new phylogeny 
which included 10 subfamilies. Since that 
phylogeny has not been generally accept- 
ed, here we follow the nomenclature of 
Brothers (1975) and Schuster (1958) 

throughout. 
The Mutillidae fauna of America north 

of Mexico includes only three subfamilies 

Technical contribution no. 4532 of the South Car- 

olina Agricultural Experiment Station, Clemson Uni- 

versity 

(Myrmosinae, Sphaeropthalminae, and 
Mutillinae) represented by 19 genera, of 

which five are further divided into sub- 
genera. Sphaeropthalminae is represented 
by the tribe Sphaeropthalmini (Pseudom- 
ethocina and Sphaeropthalmina). Mutilli- 

nae is represented by both Mutillini (Smi- 
cromyrmina) and Ephutini. 

In a study of Mutillidae from the south- 
western United States, seven specimens of 
an undescribed species were found. Al- 
though no phylogenetic hypothesis is 
available for genera of Sphaeropthalmi- 

nae, this new species has several features 
that are typically considered to be of ge- 
neric level importance for Sphaeropthal- 
minae. This genus and new species are de- 

scribed, illustrated and discussed below. 
Mutillidae has remained poorly studied 

taxonomically and biologically for a cou- 
ple of reasons (Brothers 1975). One is that 
sexual dimorphism within the family is 
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typically very marked. Color patterns and 
often overall body size of the two sexes 
can be quite different (Brothers 1989). Cer- 

tain genera practice phoretic copulation 
(e.g., Timulla Ashmead and Epliuta Say), in 

which the sexes remain im copula during 
flight. In these genera, males are usually 

much larger than females. 
All female mutillids are apterous. Males 

are usually macropterous. However, re- 
duction in wing size is known in four gen- 
era of Mutillidae. Males of Myrmiulloides 

grandiceps (Blake), Stethophotopsis maculata 
Pitts and Sphaeropthalma (Micromutilla) bra- 
chyptera Schuster are brachypterous. 
Males of Morsyma ashmeadii Fox are apter- 
ous. All known species with reduced 
wings are found in the southwestern Unit- 
ed States. Males of other species from this 
same region, such as Sphaeropthalma (Pho- 

topsis) unicolor (Cresson) (Schuster 1958; 

Manley unpublished data) and Odontopho- 
fopsis melicausa melicausa (Blake) (Pitts un- 

published data), have been known to 
chew their wings off. 

Due to extreme sexual dimorphism, sex 

associations can be made only by catching 
pairs in copula or through the use of caged 
females (Manley 1999). Host data or, in 
certain cases, the use of geographical data, 
can also be used to associate the sexes. As- 
sociation of sexes is further complicated 

by the fact that, in certain species, males 

and females utilize different hosts (Mat- 

thews 1997). Consequently, many genera 
are known from only one sex. Of the 27 
New World taxa at either the generic or 

subgeneric level, 12 are represented by 
only one sex (Krombein et al. 1979; Non- 

veiller 1990). 

A further impediment to advancement 

of mutillid taxonomy is the lack of a key 
to the genera. Without a generic key for a 
large geographic region, the few (and ter- 
ribly outdated) keys to the species of some 
genera (Krombein 1939; Mickel 1928, 1935, 

1936a, 1937, 1940; Schuster 1949, 1951) 

have limited application. The key to the 
genera and subgenera of the Nearctic re- 
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gion that is provided here is an attempt to 
rectify this problem. 

It is desirable to have a key to all genera 
worldwide, or to the New World, or at 

least to include all of North America. 

However, even to include Mexico, many 
more genera [most of which are repre- 
sented by only one or two species and 
contain several synonyms (Pitts unpub- 
lished data)] would have to be added 

(Nonveiller 1990). As a beginning, we in- 

clude only those genera and subgenera 
found in America north of Mexico. 

Note that in the key, where fauna are 

indicated for each taxon, the number of 
species listed includes those for which 
only the male is known, only the female 

is known, and for which both sexes are 

known. Hence, 1 sp. d, 1 sp. 2, and 1 sp. 

3 @ means that three species are known 
for that taxon. It is important to include 
this information to avoid concluding that 
all species are represented by both sexes. 

MATERIALS AND METHODS 

The abbreviations T2, T3, etc., denote 

the second, third, etc., metasomal tergites, 

respectively. Similarly, 52, S3, etc., signi- 
fies the second, third, etc., metasomal ster- 
nites, respectively. After Ferguson (1967), 

we are adopting the following notation for 
punctation, in order of decreasing coarse- 
ness: reticulate, coarse, moderate, small, 
fine and micropunctate. Micropunctate re- 
fers to punctures that are extremely shal- 
low, and do not have vertical walls or 

sharp margins. We have used the term 
simple pubescence for setae that are 
smooth and do not have barbed surfaces. 

Brachyplumose pubescence refers to setae 
with barbs that are less than or equal to 
the diameter of the shaft at the attachment 

of the barb. Plumose pubescence is used 
for setae that have longer barbs. 

Caenotilla Pitts and Manley, 
new genus 

Female-—Head: Wide as thorax. Eyes 
polished and oval, not protuberant (Fig. 
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1). Clypeal base tuberculate, anterior mar- 
gin broad. Antennal tubercles well devel- 
oped and subcontiguous, connected dor- 
sally by a carina. Antenna with 12 seg- 

ments. Mandible bidentate apically, ven- 

tral with a distinct sub-basal tooth. 

Antennal scrobe carinate above. Gena well 

developed, lacking genal carina. Probos- 

cidal furrows triangular, broad, reaching 

to mandibular base, postero-laterally mar- 

gined by a carina. Maxillary palpus 6-seg- 
mented and labial palpus 4-segmented. 

Mesosoma: Dorsum short, flat, pyriform 

(Figs. 2, 4). Pronotum separated from me- 

sonotum by fine carina that extends sinu- 

ously to tegular region (Figs. 2, 4, 5). Hu- 

merus with angulate carina. Scutellar and 

second scale present (Figs. 2, 4, 6). Pro- 

podeum with separation between anterior, 

posterior and lateral regions. Propleuron 

narrow, punctate. Mesopleuron punctate 
medially, anteriorly and posteriorly gla- 

brous, impunctate. Metapleuron glabrous, 

impunctate. Metapleuron separate from 
mesopleuron by complete carina. Femora 
of all legs claviform; spurs of all tibiae 
pectinate. Metasoma: T1 sessile with T2. 
Felt line present on T2 (Fig. 8). S2 lacking 
felt line (Fig. 8). Pygidial area defined lat- 

erally by carinae (Fig. 8). Brachyplumose 
and plumose pubescence present on apical 
margins of metasomal tergites (Figs. 9, 10). 

Male.—Unknown. 

Etymology.—From the Greek caen for 
“new” + ftilla, a commonly used suffix. 

The name Caenotilla refers to the fact that 

the genus is newly founded. Gender fem- 
inine. 

Distribution.—Napa County, San Luis 

Obispo County, and Nevada County in 
Southern California. 

Type species.—Caenotilla choreocarina, sp. 
nov. 

Caenotilla choreocarina Pitts and 

Manley, new species 
Figs. 1-10 

Female holotype-—Coloration: Head, tho- 
rax, Tl, and S1 dark red. Metasomal seg- 
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ments 2—6 dark brown. Mandibles dark 
red, tips black. Flagellum and legs black. 
Occiput and pronotum with white pubes- 
cence. Brachyplumose pubescence reddish 
brown on vertex of head and dorsum of 
thorax, stout, erect; also with thicker de- 

cumbent brachyplumose pubescence (Fig. 
1, inset). Scape and clypeus with white 
brachyplumose pubescence. T1 with white 
plumose pubescence; T2 with dark brown 

brachyplumose pubescence; T3-T6 with 
golden brown erect brachyplumose pu- 
bescence and decumbent plumose pubes- 
cence. Apical fringe of T1, T2 and S2 pale 
plumose pubescence (Figs. 8-10). Legs 
with white brachyplumose pubescence. 
Head: Clypeus with posterior border dis- 
tinctly dentate, with circular depression 
laterally and below antennal scape, me- 
dian anterior region and lateral regions, 
with long pale setae. First flagellomere 

longer than pedicel and as long as second 
flagellomere (Fig. 7). Terminal flagellom- 

ere longer than preceding segment, with 

apex obtusely angular. Gena with small 
punctation. Gena subequal to maximum 
length of eye. Punctation small (Fig. 1, in- 

set). Mesosoma: Disk of pronotum and me- 

sonotum punctate (Fig. 4-6). Humerus 

with angulate carina. Fine carina delimits 

pronotum from mesonotum (Figs. 2, 4, 5). 

Propodeal spiracle tuberculate (Figs. 2, 4). 
Dorsal face of propodeum punctate (Fig. 
4). Propodeum weakly reticulate anteri- 

orly and laterally. Posterior of propodeum 
impunctate medially. Propleura punctate. 
Mesopleura punctate medially with long, 
fuscous pubescence; anteriorly and poste- 
riorly impunctate and nitid. Posterolateral 
region of propodeum punctate, with long 

pubescence. Legs with dense fuscous pu- 
bescence. Metasoma: T1-T2 sparsely punc- 

tate, with sparse erect pubescence (Fig. 8). 

T3-To with larger punctation and denser 

pubescence (Fig. 8). Sl with median ele- 

vated carina that is notched medially. S2— 

S6 with sparse punctation, last with apex 

weakly truncate. Pygidium weakly longi- 
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Figs. 1-3. Caenotilla choreocarina. 1, Head, frontal view, sculpture and pilosity inset from SEM; 2, Thorax, 

dorsal view, sculpture of dorsum and pilosity omitted; 3, Pygidium. [Line indicators equal 0.50 mm, 0.75 mm, 

and 0.30 mm respectively. ] 

tudinally rugose, defined laterally by ca- 
rinae (Fig. 3). Punctation fine. 

Length.—4 mm. 
Male.—Unknown. 

Holotype.—California, Nevada County, 
Sagehen Creek, 1920m, 1 ¢, 9-12.VII.1992, 

Coll. P. S. Ward (University of California, 

Davis, California). The holotype was col- 
lected from the ground in a small clearing. 
The clearing was in lodgepole pine forest, 
opposite the spring which supplies Sage- 
hen Creek Field Station with water (per- 
sonal communication, P. S. Ward). 

Other material examined.—Paratypes: 
California, San Luis Obispo County, Pozo, 
2 8 o 2LAV A962, So 280TV 1962, 2° 2 

4.V.1962, Coll. J. Powell (United States Na- 

tional Museum and James P. Pitts, person- 

al collection); California, 1 2 ““Napa Co. 

Coll. Coquillett’” (USNM); California, Yolo 

County, 600m, 18.5 km ESE Lower Lake, 

1 2, 15.V-9.V1.1993, Coll. B. T. Fisher 

(UCDC). 

Distribution.—California. 

Biology.—Unknown. 
Hosts.—Attached to one specimen is a 
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5. Caenotilla choreocarina. 4, Thorax, dorsal view, arrows point to the scutellar carinae and pronotal 

1; 5, Pronotum, dorsal view, arrow points to the pronotal carina. 
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Figs. 6-7. Caenotilla choreocarina. 6, Meso- and metanotum, dorsal view, arrows point to the scutellar carinae; 

7, Antenna. 
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Caenotilla choreocarina. 8, Abdomen, lateral view; 9, Apical margin of second metasomal segment, 

10, Plumose pubescence of apical margin of second metasomal segment. 
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hand written label reading ‘associated 
with Xylocelia occidentalis.” Xylocelia occi- 
dentalis is now known as Diodontus occi- 

dentalis (Hymenoptera: Pemphredonidae) 
(Krombein et al. 1979). Diodontus occiden- 

talis is known to be a host for Omalus cres- 

soni (Aaron) (Hymenoptera: Chrysididae) 

and the mutillid, Smicromutilla powelli 

Mickel (Krombein et al. 1979). Within the 

genus Diodontus, only one other species is 
known to be parasitized; D. virginianus is 
a host of Omalus intermedius (Aaron) 

(Krombein et al. 1979). Although D. occi- 
dentalis is a known host of one species of 
mutillid, there is no cocoon nor rearing 

data associated with the specimen, and 

without more equivocal proof, this host 
association must remain questionable. 

Etymology.—From the Greek chore, 
“dancing,” and the Latin carina, ‘‘keel,” in 

reference to the carina delimiting the 

pronotum and mesonotum. 

Variation.—The specimens are very sim- 
ilar except that there is a moderate size 

variation. Most of the specimens are be- 
tween 3 mm and 4 mm, with 2 specimens 

larger (5-6 mm). The size variation is due, 

in most cases, to variation in the size of 

the host or due to using different sized 

hosts (Brothers 1989). Smaller specimens 

of nocturnal mutillids have reduced infus- 

cation and the coarseness of the integu- 
mental sculpturing is considerably re- 
duced (Ferguson 1967). Although the 

specimens range in size from 3 mm to 6 
mm, the development of the scutellar scale 

and the pronotal carina is very apparent 
in all specimens. 

Discussion.—Caenotilla is a distinct ge- 

nus of Sphaeropthalminae, Subtribe: 

Sphaeropthalmini. Sphaeropthalmini is 
distinguished by two synapomorphies for 
both sexes: the eye is approximately hemi- 
spherical, smooth and polished, and plu- 

mose pubescence is present (Brothers 
1975). Caenotilla is immediately distin- 

guished from all other genera of Mutilli- 
dae by the carina that delimits the pron- 
otum from the mesonotum, the two cari- 
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nae (or scales) in the scutellar region, the 

pyriform shape of the thorax, the presence 
of plumose pubescence and a laterally de- 

fined pygidial area. Caenotilla can be de- 
termined to the subfamily Sphaeropthal- 

minae without difficulty using keys to 

mutillid subfamilies (Brothers 1993, 1995). 

At present, the male of Caenotilla re- 
mains unknown. The monotypic male ge- 
nus Morsyma Fox may be the male of 
Caenotilla. Caenotilla choreocarina and Mor- 
syma ashmeadit Fox have similar coloration 
and distribution. However, this is not 
enough information with which to make a 

sex association. Caenotilla could also be the 
female of Acrophotopsis Schuster or Acan- 
thophotopsis Schuster. The possibility also 
exists that the male is undescribed and is 
as rare as the female. Because more evi- 
dence is necessary for a Sex association to 

be made, the new species is placed in a 
new genus. 

Caenotilla shares with Protophotopsis 

Schuster (Cambra and Quintero 1997) and 

Nanotopsis Schuster (Casal 1970) a sessile 
abdomen and lack of a genal carina. It also 
shares with Protophotopsis mandibles that 
are bidentate distally, integument of the 
head and thorax punctate, the anterior 
margin of the clypeus without teeth and 
the proboscidial fossa extending to the 
base of the mandibles. Caenotilla, however, 

has the pygidial area defined laterally, the 
antennal scrobes with a dorsal carina, plu- 

mose pubescence present on the abdomen, 
and eyes more oval and not protruding. 

Caenotilla shares with Bordontilla Fritz 
and Martinez (1975) a carina that is pre- 

sent on the dorsum of the thorax which 
delimits the pronotum from the mesono- 
tum. Caenotilla can be distinguished from 
Bordontilla not only by the characters listed 
above but also by the fact that the clypeal 
tubercle is not as developed as in Bordon- 
filla. 

Caenotilla shares with Photomorphus Vi- 
ereck oval shaped eyes, a defined pygidial 
area, a sessile abdomen and punctate dor- 

sum. The shape of the thorax, the pygidial 
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area being longitudinally rugose and not sonotum and, in some cases, the smaller 
striate, the plumose pubescence, the carina size of the eyes separate Caenotilla from 
that delimits the pronotum from the me- — Photomorphus. 

KEY TO GENERA AND SUBGENERA OF MUTILLIDAE IN AMERICA NORTH OF MEXICO 

d. Females; meso- and metathorax fused, mesosoma at most two segmented; metasoma 

with 6 visible terga; antennae with 10 flagellomeres; wings absent ............... 2 

= Males; meso- and metathorax not fused, mesosoma three segmented; metasoma with 

7 visible terga; antennae with 11 flagellomeres; wings usually present ........... 22 

2.(1)  Pronotum and mesonotum not fused (Fig. 13); hind coxa with dorsal lamella (Fig. 

14); felt line on lateral margin of tergite I] absent (Fig. 16) (subfamily Myrmosinae) 

- Pronotum and mesonotum fused (Fig. 11); hind coxa without dorsal lamella (Fig. 12); 

felt line on lateral margin of tergite II present (except absent in Ephuta) ........... 5 

3. (2) | Clypeus with median spine or tooth; sternite | with median process near base (Fig. 

16); punctation and sculpture conspicuous; ocelli usually present (Fig. 15) ........ 

aT sO OPES Nn Ss cal a ELSA RES al OE caw aRSeeca OS eee Myrmosa (Myrmosa) 

Key: Krombein 1939. Fauna: 2 spp. 2, and 2 spp. d 2°. 

_ Clypeus simple, lacking median spine or tooth; sternite I simple, lacking median 

process near base; relatively smooth, lacking conspicuous punctation and sculpture; 

We SH ASSIS oh se oft wcGe eh. bia en. dj. Sb Swe O8h Gs ate versed Aap Ase item iden ee gee er 4 

4. (3) | Mandible with two apical teeth; ventral mandibular lamella present; prothoracic tar- 

SusayvitMOul rake (hie; 17): ci 3s adhd dads weet wees Seat Gee eeeee Myrmosula 

Key: Wasbauer 1973. Fauna: 1 sp. d, 6 spp. , and 1 sp. d &. 

~ Mandible with large apical tooth and two very small teeth on inner margin; ventral 

mandibular lamella absent; prothoracic tarsus with rake consisting of long, spatulate 

Spines.a1, Oulerapex Of each seement (Fig. 18).23 8.22 aa aioe oe Leiomyrmosa 

Fauna: | sp. 2. 

5. (2) | Metasomal segment I completely sessile with second (Fig. 10) ................... 6 

- Metasoma petiolate or at most subsessile, with definite constriction between first two 

SOP MCT ee Pent, «ark dois ada 3,8 Sieg cg SS tacos ao dese ee ace de Ge deh he ee ee oe 13 

6.(5) Eyes strongly ovate; mesosoma long, rectangular, generally narrowed medially (Fig. 

27); tergite II generally maculated with two spots or lines of pale setae (subfamily 

Maaitiinae, trie Wine VAIN) oy aes oie aid. occ = © wd eleeeaets oe ae Oi eo ee eee Timulla 

Key: Mickel 1937. Fauna: 13 spp. ¢, 6 spp. 2, and 11 spp. d &. 
= Eyes circular to slightly ovate; mesosoma otherwise (short, rectangular or narrowed 

posteriorly, if narrowed medially, mesosoma pyriform not rectangular); tergite II not 
imacwiatecd with epots OF Pale SCtae. 2.4 x 2q.sne Se eee a eee ete ee ame ena on Z 

7.(6) Head quadrate, larger than mesosoma in dorsal view; eyes circular (if eyes slightly 

ovate, head distinctly wider than mesosoma); mesosoma narrowed medially (sub- 

family Sphaeropthalminae, tribe Sphaeropthalmini, subtribe Pseudomethocina) (Figs. 

ee eee pate et, bi de SE abe sents, sis ey oT Re 8 

- Mesosoma as wide or wider than head in dorsal view; eyes slightly ovate; mesosoma 

narrowed posteriorly (Figs. 23, 27-29) (subfamily Sphaeropthalminae, tribe Sphaer- 

opthalminisubtribe Sphacropthalmina, in part) .<..¢ 4.2 5..222eneeeoncusscaeee 2 

—" 

Figs. 11-21. 11-12, Sphaeropthalminae. 11, Mesosoma; 12, Coxa. 13-16, Myrmosinae. 13, Mesosoma; 14, 

Coxa; 15-16, Myrmosa sp. 15, Dorsal view; 16, Lateral view. 17, Myrmosula sp. prothoracic leg. 18, Leiomyrmosa 

sp. prothoracic leg. 19, Protophotopsis sp. metasoma. 20, Sessile metasoma. 21, Petiolate metasoma. 
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.(7) Hypostomal teeth prominent (Fig. 25, hst), bent outward apically; posterolateral an- 

gles of head strongly carinate and dentiform (Fig. 25, pah); head, in dorsal view, 

about twice width of mesosoma (Fig. 24); pygidium lacking lateral carinae ....... 

ee ee ee ee Eee ee ee 3 ee a eT ny ne ne Myrmilloides 

Fauna: 1 sp. d ¢& 
Hypostomal teeth (if present) not prominent, not bent apically; posterolateral angles 

of head not dentiform, usually not strongly carinate; head, in dorsal view, less than 

twice width of mesosoma (Fig. 26); pygidium usually with lateral carinae ........ 

ee eee ee OEE reo ae Cee ee ae ee ee EAT eae Pens a ae Pseudomethoca 

Key: Mickel 1935. Fauna: 7 spp. d, 18 spp. 2, and 17 spp. d °. 

.(7) | Pygidium undefined laterally; humera angulate; sternal felt line present, although 
may be inconspicuous; plumose setae absent (Fig. 19) [The subgenus Sphaeropthalma 

s.s. may key here due to erroneous evaluation of the subsessile condition of the 
petiole. It differs from Protophotopsis in having the mandible toothed beneath and 

plumose setae among other differences (see diagnoses)|] ............ Protophotopsis 
Key: Cambra and Quintero 1997. Fauna: 1 sp. d 

Pygidium defined laterally; sternal felt line absent; plumose setae present or absent 

(9) Mesosoma with fine carina between pronotum and mesonotum; scutellar scale and 

carina immediately anterior to scale present; pygidium longitudinally rugose ..... 

Fauna: | sp. 2. 

Mesosoma without fine carina between pronotum and mesonotum; scutellar scale 

and carina immediately anterior to scale absent; pygidium variable ............. 

(10) Mesosoma narrowed posteriorly (Fig. 28); mandible ventrally emarginate, but not 

toothed; integument densely covered with simple appressed setae; plumose setae 

present on anterior margin of mesosoma, propodeum, petiole, and apical margins of 

MORO OS pict pepe gees bots Sh eae ee Sphaeropthalma (Photopsis) (in part) 

Key: Schuster 1958. Fauna: 41 spp. 6, 21 spp. 2, and 2 spp. 6 &. 

Mesosoma rectangular (Fig. 29); mandible ventrally toothed or not; integument vis- 

ible, usually sparsely covered with appressed and erect simple setae ......... 

ee Me Re fect ois a a WG fs ee as cea aces Se A ees Been ns (Photomorphus) 12 

. (11) Pygidium dull, shagreened, with parallel carinae only on basal two-thirds or less . . 

SO ats WV oer NINE aie ee She is a Sais o Has Awad aoy Seeged Photomorphus (Photomorphina) 

Key: Krombein 1954. Fauna: 26 spp. 6d, 1 sp. 2, and 1 sp. d 2. 

Pygidium smooth and shiny, with complete parallel carinae on disk ......... 

ee Ee Sete RSG aA D Ghai G58 tom cere ondwaee Photomorphus (Photomorphus) 

Key: Krombein 1954. Fauna: 4 spp. d, 1 sp. 2, and 2 spp. do @. 

. (5) Felt lines absent on metasomal tergite IH; petiole short, transverse, parallel-sided (Fig. 

30); eyes distinctly ovate; a band of silvery, dense, sericeous vestiture present at apex 

of petiole and metasomal segment II; small; densely punctate (subfamily Mutillinae, 

BES TE a I) tas ee spats Ib 5,13. 4. 20s. 2 on yeep rates ae eRe ee Ephuta 

Key: Schuster 1951, 1956. Fauna: 13 spp. ¢,9 spp. 2, and 6 spp. 6 &. 

Felt lines present on metasomal tergite II; petiole not transverse or parallel sided; 

eyes circular to slightly ovate; other characters variable (subfamily Sphaeropthalmi- 

nae, tribe Sphaeropthalmini, subtribe Sphaeropthalmina, in part) 

. (13) Plumose setae present on apical margin of metasomal tergite I (at least medially on 

apical margin of metasomal tergite I), sometimes present on apical margins of all 

metasomal tergites and/or covering the tergites ............ 0... cc eee eee eees 

Plumose setac totally absenivt oss 6.2.45. 4 hate dda ag eadiosn ao see ee ane ee SeeE 

. (14) Pygidial area defined laterally by carinae (Fig. 32) ........... 0. cee cece wee e eee 

Pygidial area undefined laterally by carinae 

. (15) Antennal scrobes not distinctly carinate above; pygidial area granulate; plumose setae 
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Figs. 22-30. 22, Pseudomethocina. 23, Sphaeropthalmina. 24-25, Myrmilloides grandiceps. 24, Dorsal view; 25, 

Head (hst, hypostomal tooth; pah, posterior angle of head). 26, Pseudomethoca simillima, dorsal view. 27, Timulla 

sp. 28, Sphaeropthalma (Photopsis) sp. 29, Photomorphus sp. 30, Ephuta sp., dorsal view. 
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limited to posterior margin of head, anterior margin of mesosoma, and posterior 

margins of metasomal segments; dorsum of mesosoma and disk of tergite I] with 

apotessed-SOldem setae .ucicued sede wos et wwe REE OR EES ees Dilophotopsis 

Fauna: | spp. d, and 1 sp. d 2; North America. Taxonomy: Mickel 1963. 

Antennal scrobes distinctly carinate above; pygidial area sculpture variable, usually 

rugosely sculptured; plumose setae elsewhere or completely covering body; setae of 
dorsum: of mesosoma and disk*of tercite Il variablé™..; ...2icseccss ey nde ue snes 

era Baek 2 4 a ee eee eee Rees, ares eas e ties ee ae Sphaeropthalma (Photopsis) (in part) 
oO Fauna: 41 spp. 6, 21 spp. 2, and 2 spp. d &. 

Genial ‘Carina present: 4c. 8 «at%cewedd ae ah isa Sphaeropthalma (Photopsis) (in part) 

Fauna: 41 spp. d, 21 spp. 2, and 2 spp. d & 
Ceiial Capia: aADSGiike Aa es du tides cin ce SMO AG ae oe Seca dee ete e pow aie Moree os 18 

Flagellomere II less than 1.2x length of first; antennal scrobe not distinctly carinate 

dorsally; height of anterior face of metasomal segment II (Fig. 33, af) greater than 
0.75x maximum height of metasomal segment I .................. Stethophotopsis 

Fauna: 1 sp. 2,1 sp. d @. 
Flagellomere IH greater than 1.75% length of first; antennal scrobe distinctly carinate 

dorsally; height of anterior face of metasomal tergite I (Fig. 36, af) less than 0.25% 

Maximum heeht-ormetasomal seementl od; caus tadeewa ds toc 1 secs soem oe 19 

Plumose setae limited to area of short dense white setae on dorsum of petiole, and 

apical fringe of tergite H (Fig. 31); propodeum elongate, length in lateral view equal 

to 0.75x height; first metasomal segment subsessile with second ............. 

Sih as aeay eB seinadA © Stace oh oe ce foet aEA OBE Sphaeropthalma (Sphaeropthalma) 

Fauna: 1 sp. d, and 2 spp. d 9°. 

Plumose setae throughout, but lacking area of short dense white setae on dorsum of 

petiole; propodeum short, length in lateral view =0.5x height; first metasomal seg- 

ment petiolate with SecOnd io. 46 G8 24a dae ne Be oer Sphaeropthalma (Photopsioides) 
Fauna: 3 spp. d, and 1 sp. 6 &. 

Pygidial area well-defined; petiole not disciform (Fig. 34) ............. Dasymutilla 

Key: Mickel 1928, 1936a. 

Fauna: 33 spp. ¢, 48 spp. 2, and 44 spp. d 2°. 

Pygidial area obsolete, not defined laterally; petiole distinctly disciform (Figs. 35, 36) 

Sid Ren oS NEN igen Seon goss le wi a cde Re Ra, cael se sa SE Ya Fcc Sele Os lle cr PA 

Anterior and propodeal spiracles tuberculate (Fig. 35) ..............+. Lomachaeta 

Key: Mickel 1940. Fauna: 4 spp. 3, 1 sp. 2, and 2 spp. d °. 

Anterior and propodeal spiracles not tuberculate ................-.. Smicromutilla 

Fauna: 1 sp. d 9. 

Hind coxa with dorsal lamella (Fig. 14); felt line on lateral margin of tergite II absent; 

forewing with M and Cul extending to apical margin (Fig. 37); jugal lobe present 

(Subramuly Mytimosinige): aac 32s +12. osseee eee: Ue cua comes: eons enemas 23 

Hind coxa without dorsal lamella (Fig. 12); felt line on lateral margin of tergite II 

present; forewing with M and Cul ending far from apical margin (Figs. 38, 39); jugal 

DOT IOS CIE: ae, co yee eee Se SRS wn da Gg ee ee Eade oA tee trees ae mee ea ee 25 

Sternites | and Il with median process near base; clypeus with median longitudinal 

Carina Or Keel at Waser ava oe ttn 90. ws Dice aed ee eee Myrmosa (Myrmosa) 

Key: Krombein 1939. Fauna: 2 spp. 2, and 2 spp. d @. 

sternite I) simple, lackine median process near base . s..5 aeged ss Genoese oa mee 24 

Sternite | with hook-like median process near base; clypeus with median longitudinal 

Carine ate ase acl co.cc rece euer sees Vie wes ted de eyesore ae Myrmosa (Myrmosina) 

Key: Krombein 1939. 

Fauna: 2 spp. d. 

orermte-l sunple) clypeus convex, withotltcatina = .oi..22 ec se ee eed Myrmosula 

Key: Krombein 1939. Fauna: 1 sp. d, 6 spp. °, and 1 sp. d 9. 
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Figs. 31-36. 31, Sphaeropthalma (Sphaeropthalma) pensylvanica, dorsal view. 32, Sphaeropthalma (Photopsis) sp., 

dorsal view. 33, Stethophotopsis maculata, metasoma, lateral view (af, anterior face). 34, Dasymutilla sp., dorsal 

view. 35-36, Lomachaeta variegata. 35, Dorsal view; 36, Metasoma, lateral view (af, anterior face). 

25. (22) Compound eye approximately hemispherical, smooth and shiny (Figs. 44, 46, 50); 

pterostigma sclerotized (Figs. 38, 49, 51, 52) (subfamily Sphaeropthalminae, tribe 

SpiacrOptialinihi)). tune vnad,0 ey salee bocce eine diss san ee hess a ee Ree S 26 

= Compound eye with inner margin deeply and sharply emarginate (Figs. 53, 54); 

pterostigma membranous or absent (Fig. 39) (subfamily Mutillinae) ............. 48 

26. (25) Metasomal segment I completely sessile with second (Fig. 20) .................. 27 

~ Metasoma petiolate or at most subsessile, with definite constriction between first two 

segments (Pie. 21) (subtribe Sphaeropthalmina, in part). 0s. 2s. 400 ek ae te denne 29 

27. (26) Felt line present on lateral margin of tergite II and sternite IH; eyes ovate; wings absent 

fsubttibe Sphacropthalmina, i Part) Geox 0.8 todo cede Caw es Side ons anewanes Morsyma 

Fauna: | sp. d. 

Felt line present on lateral margin of tergite II only; eyes round; wings present (sub- 

thibeseSeticlOmethOCinial)nn.c-orsic ace ee ae = ee ee Sete cuits bese so eeu ts ae ence Soe 28 

N [o/e) . (27) Hypostomal tooth well developed; head extremely large, about twice width of me- 
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Figs. 37-45. 37, Myrmosinae, anterior and posterior wing. 38, Sphaeropthalminae, anterior wing. 39, Mutil- 

linae, anterior wing. 40, Acrophotopsis eurygnathus, head, frontal view. 41, Sphaeropthalma (Photopsis) tmperialis, 

sternum. 42, Odontophotopsis sp., sternum. 43-45, Photomorphus sp. 43, Sternum (dr, denticulate ridge); 44, 

Habitus with legs removed; 45, Mandible. 



VOLUME 11, NUMBER 1, 2002 87 

sosoma; posterolateral angles of head strongly carinate, dentiform; wings brachyp- 

FSTOMS ears Sete ee a eRe Sal 2-28 Daidone oA es Mie bap eeauaala ¢ Myrmilloides 

Fauna: 1 sp. d 9°. 

— Hypostomal tooth not developed; head less than twice width of mesosoma; postero- 

lateral angles of head not strongly carinate or dentiform; wings macropterous 

Pee eee epee ate ase Nene gr eat rita OR Tne eis Ma Pras 4 Crack are. Se ae wean tee od Pseudomethoca 

Key: Mickel 1935. Fauna: 7 spp. d, 18 spp. 2, and 17 spp. d @. 

29. (26) Felt line present on lateral margin of tergite II and sternite II .................. 30 

= Felt line present on lateral margin of tergite II only .......................04. 39 

30. (29) Ventral mandibular tooth lacking; mesoscutal notauli absent; flagellomere I short, 

iransverse, similar in 100m to pedicel... aceon cw nes eise te a whe sed Protophotopsis 

Key: Cambra and Quintero 1997. Fauna: 1 sp. d 2. 

Ventral mandibular tooth present; mesoscutal notauli present; flagellomere | longer 

than wide; net ke pedicel”... 24255650582 oe so ees cease sees Rey eau ek Vauee es ol 

31. (30) Hypopygium broadly emarginate distally, transverse, lateral margins strongly den- 

tiform; parameres dorsal-ventrally flattened; mandible broadly dilated, with very 

large subtending tooth (Fig. 40) [Dilophotopsis stenognatha may key here due to the 

evaluation of the sternal felt line as being present. In most specimens, however, it is 

not present. It differs from Acrophotopsis in having the processes on the mesosternum 

(SEG MINAS MOSES iG AS arora nce s one Sa ele yp SORA ae ys HAE RLS Sea e Acrophotopsis 

Key: Schuster 1958. Fauna: 2 spp. 4. 

= Hypopygium normal, rounded, lateral margins not carinate or dentiform; mandible 

only slightly emarginate, ventral tooth small (Fig. 45) ...................000-. a2 

32. (31) Mesosternum variously modified with distinct teeth, tubercles, spines (Fig. 42), or 

denticulate ridges (Fig. 43, dr) (teeth indistinct in some Odontophotopsis) ......... ee 

— Mesosternum simple, unmodified, without teeth, tubercles, spines, or ridges (Fig. 41) 

(SPNBCrOpTNGINA): 3:2. x24 Satis sn sje tA 3 hee haere 8h Eh le Be ORDA ER ane eee SS 37 

Ss) ies) . (32) Cuspis dilated and subequal in length to parameres; mesosternum with pair of trans- 

verse dentate ridges just anterior to mesocoxae, closely spaced, appearing to cup 

ANtEHOM Maron Of MCSOCOXAS 42/2 ha on eee a Peet ee Kees we PRES. AS Stethophotopsis 

Fauna: 1 sp. 2, and 1 sp. d &. 
= Cuspis not dilated and much shorter than parameres; mesosternum with pair of 

longitudinal to transverse dentate ridges anterior to mesocoxae, closer to procoxae, 

not appearing to cup anterior margin of mesocoxae (Figs. 43, 44) ........--.--.. 34 

34. (33) Mesosternum with denticulate, or transversely dentiform, ridge-like processes (Figs. 

43, 44), never with isolated single processes on each side of mesosternum; plumose 

hats Vesucial Or absent Shs 22ers ae thot ee htatishessadeasees (Photomorphus) 35 

= Mesosternum with pair of conspicuous to minute teeth or tubercles, far before me- 

socoxae and/or a small process anterior to mesocoxae; plumose setae present 

(Odontophotopsis) 3 ON 

ioe) ol — Ww ns — Mesocoxae approximate; mandible tridentate apically; mentum never produced into 

a CIStLINCE PROCESen ates Pee eee ot MG Se Rae ne BS CRORES Aa eee wes 

Photomorphus (Photomorphina) 

Key: Schuster 1958. Fauna: 26 spp. 6,1 sp. 2, and 1 sp. d &. 

= Mesocoxae separated; mandible bidentate apically (Fig. 45); mentum distinctly pro- 

duced as an anterior tubercle or posterior lingulate process 

eee eer eres 2 es Strap ta | Suse SDE we Photomorphus (Photomorphus) 

Key: Schuster 1958. Fauna: 4 spp..¢, 1 sp. 2, and 2 spp. d &. 

36. (34) Mesosternum armed only with pair of tumid, gibbous, nitid, impunctate longitudinal 

elevations directly anterior to mesocoxae .......... Odontophotopsis (Periphotopsis) 

Fauna: 1 sp. d. 

= Mesosternum armed with conspicuous to minute teeth or tubercles, at least anterior 
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pat Gi more thanone) fat beleremmesocOxae ai cian ao cas yen ote s tetas ae as 

Saeed we ane Geran wee toda aed acre Odontophotopsis (Odontophotopsis) (in part) 

Key: Schuster 1958. Fauna: 44 spp. d. 

Notauli incomplete, limited to distal half of mesoscutum; sternite I with elongate, 

well-developed felt line; plumose setae present or absent; metacoxae unarmed 

Sve eh gions ee eet Ger ering aon capetien Seat S-GLeteoaevene = us Sphaeropthalma (Micromutilla) 

Key: Schuster 1958. Fauna: 17 spp. ¢. 

Notauli complete; felt line of sternite I] short, small tufts; plumose setae always dis- 

tince imetacoxae often anrmeda 24 2.008% a Pa. kiss 25 st a oe eee is Sees 38 

Notauli deep, lines distinctly deeper than wide; felt line of sternite I distinct; man- 

dible acuminate distally, bidentate or bidentate with a small, median third tooth 

ee ee er er ee a ere er reer ee Sphaeropthalma (Physetapsis) 

Key: Schuster 1958. Fauna: 4 spp. ¢. 

Notauli not deep on mesoscutum, lines wider than deep; felt line of sternite IT not 

distinct; mandible distinctly tridentate ......... Sphaeropthalma (Photopsis) (in part) 

Key: Schuster 1958. Fauna: 41 spp. d, 21 spp. 2, and 2 spp. d °. 

Mesotibia with single spur; mesotibia flattened, arcuate; mesosternum armed with 

large, conical process before each coxa (Figs. 46, 47); plumose setae vestigial or absent 

ee ee ee ee ee ee ee ee eee ee eee er ee Acanthophotopsis 

Key: Schuster 1958. Fauna: 5 spp. d. 

Mesotibia with two spurs; mesotibia cylindrical, not flattened and arcuate; mesoster- 

num armed with small tubercles, conical processes, or unarmed; plumose setae pre- 

GEM teOR ADSEMIE sates te see Se ee: e, ctte seve tee ute Se Src =e tus teen Ay tates we ceeade aus, ne ee aie a 40 

Mesosternum with pair of prominent, peg-like or conical, widely separated, anteri- 

orly situated processes or with pair of spur-like, closely spaced, anteriorly situated 

tubercles; may also have pair of spine-like tubercles, widely separated, immediately 

belgre-miexoconae (lies, 42°48) 5 ini. hi me Gees Sa Aw des oo wlh Se olain te oom ea ene 4] 

Mesostermum: unmodified. (Pig: 40)> i 29.3s00e4stdeeams bens iced sed Sint Ree 42 

Hypopygium broadly emarginate distally, transverse; parameres dorsoventrally flat- 

tened; mesosternum with pair of prominent, peg-like or conical, widely separated, 

anterorly-situated processes (Pip. 48). .oc aks wae e ee tag eee tenth Dilophotopsis 

Key: Schuster 1958. Fauna: 1 sp. d, and 1 sp. d @. 

Hypopygium not broadly emarginate distally; parameres not dorsoventrally flat- 

tened; mesosternum with pair of spine-like tubercles, closely spaced, anteriorly-sit- 

uated on midline; may also have pair of spine-like tubercles, widely separated, im- 

mediately before mesocoxae (Fig. 42) ... Odontophotopsis (Odontophotopsis) (in part) 

Key: Schuster 1958. Fauna: 44 spp. d. 

Mandible tridentate apically, broadly emarginate ventrally with small, distinct tooth 

Notauli absent; tergites II—V with row of lanceolate bristles at distal margin; pter- 

ostigma of forewing vestigial, inconspicuous (Fig. 49) ...............-. Lomachaeta 

Key: Mickel 1940. Fauna: 4 spp. d, 1 sp. 2, and 2 spp. d &. 

Notauli present, complete; tergites II—V without row of lanceolate bristles at distal 

Margin; pterostigma of forewings CONSPICUOUS... ..2.c. i Wess Sade ees ee he 44 

Marginal cell distinctly elongate, much longer than stigma; pygidium and hypopy- 

gium distinctly elongate; ventral tooth of mandible often large; cuspis never spatulate 

or dilated distally, never bearing plumose setae; coxa often armed ........... 

Creer ee ee ee er ere eee ree Sphaeropthalma (Photopsis) (in part) 

Key: Schuster 1958. Fauna: 41 spp. d, 21 spp. 2, and 2 spp. 6 °. 

Marginal cell length equal to or slightly longer than stigma; pygidium and hypo- 
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sternum. 

45. (44) 

49 

Figs. 46-49. Acanthophotopsis dorophora. 46, Habitus with legs removed; 47, Sternum. 48, Dilophotopsis concolor, 

49, Lomachaeta formosula, anterior wing. 

pygium short, transverse; ventral tooth of mandible usually small; cuspis spatulate, 

dilated distally, bearing plumose setae; coxa never armed ........--6--0--02-55 45 

Eyes and ocelli large, bulging, compound eye touching base of mandible, distance 

from compound eye to posterolateral angle of head less than greatest diameter of 

eye; nocturnal forms, Photopsis-like in appearance; setae white or golden throughout 

ME oa ginseng Mama Aare She eee ee Ee oem area, Pee. Sphaeropthalma (Photopsiotdes) 

Key: Schuster 1958. Fauna: 3 spp. ¢, and 1 sp. 

Eyes and ocelli small, not protuberant, compound eye distinctly separated from man- 

dible, distance from compound eye to posterolateral angle of head distinctly greater 

than greatest diameter of eye; diurnal forms, entirely unlike Photopsis in appearance; 

setae black and golden throughout ............-- Sphaeropthalma (Sphaeropthalma) 

Key: Schuster 1958. Fauna: 1 sp. d, and 2 spp. 4 
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46. (42) Tergites I—V with row of lanceolate bristles at distal margin; subplumose setae 
PUCSENE gaa. oats Scheie eae Ca kee ok enn tbe eee eh Shuatore ale eee Lomachaeta 

Key: Mickel 1940. Fauna: 4 spp. d, 1 sp. 2, and 2 spp. d 2. 

- Tergites I—V without row of lanceolate bristles at distal margin; subplumose setae 
DS CLUE sea cc tirana oe aay ARSE = gS oh eee os IE ee Stn DE ey Sees ae 47 

47. (46) Wing venation greatly reduced; pterostigma of forewing vestigial, inconspicuous 

ES OU) tate peters 4p oe erence Bi 1s aie ye RE os So ark Beet: eee Eee A Smicromutilla 

Fauna: 1 sp. d 2. 
= Wing venation normal, not greatly reduced; pterostigma of forewing conspicuous 

ENS (02) vce na ace 2 sae eh eealead oe $6.4 ed slew Oe ee ema Sea Kn a SOE Dasymutilla 

Key: Mickel 1928, 1936a. Fauna: 33 spp. 6, 48 spp. 2, and 44 spp. d &. 
48. (25) Metasomal segment I sessile with second (Fig. 53); humeral angles rounded .. Timulla 

Key: Mickel 1937. Fauna: 13 spp. d, 6 spp. 2, and 11 spp. d &. 
~ Metasomal segment I slender, short, parallel-sided, not sessile (Fig. 54); humeral an- 

gles angulate, sharply produced; small; densely punctate (Ephuta) .............. 49 
49. (48) Mandible falcate, tip not strongly deflected, with contours smooth ventrally, not 

emarginate or dentate; dorsal margin of mandible not produced as prominent, la- 
mellate tooth; clypeus convex, with two usually divergent carinae running down 

from common origin below and between antennal tubercles; lateral face of pronotum 

not armed with tooth below Ephuta (Ephuta) 

Key: Schuster 1951, 1956. Fauna: 13 spp. 5,9 spp. 2, and 6 spp. d &. 
Mandible contorted, distal half sharply deflected, with ventral margin interrupted 

and with small, subtending tooth; dorsal margin of mandible expanded before mid- 

dle into prominent lamellate expansion; clypeus strongly depressed, forming basin 
with closed mandibles, without carinae, but with sharp, finger-like process at junction 

with frons; lateral face of pronotum armed with small tooth near base of coxa 

Ephuta (Xenochile) 
Fauna: | sp. d. 

GENERIC DIAGNOSES 

Acanthophotopsis Schuster 1958:88 

Type-species: Acanthophotopsis falciformis 

Schuster 

Male.—Eyes entire, small, weakly pro- 

truding; plumose setae absent; mandible 

with broad ventral excision, not toothed; 

notauli complete; sternum armed with 

large conical processes directly anterior to 

mesocoxae (Figs. 46, 47); mesotibia with 

one calcar; mesotibia more or less flat- 

tened and arcuate, stout at base, flattened; 

cuspis elongate, reaching nearly to apex of 

parameres, apex slightly dilated with 

short, dense, simple setae. 

Female.-—Unknown. 

Distribution.—Southwestern U.S., Mexi- 

CO} 

Hosts.—Unknown. 

Acrophotopsis Schuster 1958:61 

Type-species: Acrophotopsis eurygnathus 

Schuster 

Male.—Eyes entire, moderately protrud- 
ing; plumose setae present; mandible tri- 
dentate, extremely deeply emarginate 
ventrally, with very large subtending 

tooth (Fig. 40); mentum carinate-tubercu- 

late longitudinally; notauli absent or ob- 

scure on anterior third of mesoscutum; 

mesosternum unarmed; sternal felt line 

distinct; hypopygium broadly emarginate 
distally, lateral margins strongly carinate, 
disk strongly depressed; parameres 
strongly flattened, blade-like, overlapping 
in normal retracted position; Cuspis uni- 

formly wide. 

Female-—Unknown. 

Distribution.—Southwestern U.S.. 

Hosts.—Unknown. 
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Figs. 50-54. 50, Sphaeropthalma (Photopsis) sp., habitus with legs removed. 51, Smicromutilla powelli, anterior 

wing. 52, Dasymutilla chattahoochei, anterior wing. 53, Timulla dubitata, habitus with legs removed. 54, Epliuta 

stenognatha, habitus with legs removed. 
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Caenotilla Pitts and Manley 2002 

Type-species: Caenotilla choreocarina Pitts 
and Manley 
Male.—Unknown. 
Female.—See generic description (p. 73, 

this paper). 
Distribution.—California. 
Hosts.—Unknown, see generic descrip- 

tion (p. 73, this paper). 

Dasymutilla Ashmead 1899:57 

Type-species: Mutilla (Sphaeropthalma) 

Gorgon Blake 
Male.—Compound eyes approximately 

hemispherical, smooth and shiny; pteros- 
tigma completely sclerotized (Fig. 52); me- 
tasoma petiolate, with definite constriction 

between first two segments (Fig. 21); felt 

line present on tergite II only; mesotibia 
with two spurs; mesosternum simple, 
completely unmodified (Fig. 41); mandible 

not emarginate or toothed ventrally; wing 

venation normal, not reduced; axilla 

prominent; notauli absent. 
Female-—Compound eyes approximate- 

ly hemispherical; metasoma petiolate, 

with definite constriction between first 

two segments (Fig. 21); felt line present on 
tergite II only; plumose setae lacking; py- 
gidial area distinct, well-defined (Fig. 34). 

Distribution.—Throughout U.S., Mexico, 

Central America, barely into South Amer- 

ica, southern Canada. 

Hosts.—Anthophora Fabricius, Bembix Fa- 
bricius, Bombus Latreille, Cerceris Latreille, 

Diadasia Patton, Dialictus Robertson, Dian- 

thidium Cockerell, Megachile Latreille, Mi- 
crobembix Patton, Myzinum Latreille, Nom- 

ia Latreille, Paranthidium Cockerell and 

Cockerell, Philanthus Fabricius, Polistes La- 

treille, Ptilothrix Smith, Sphecius. 

Dilophotopsis Schuster 1958:71 

Type-species: Mutilla concolor Cresson 
Male.—Eyes entire, large and protrud- 

ing; plumose setae present; mandible tri- 

dentate and extremely, deeply emarginate 
ventrally, with very large subtending 
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tooth; mentum flat; notauli complete or 
subcomplete; mesosternum armed with 
pair of peg-like processes situated anteri- 
orly (Fig. 48); sternal felt line vestigial or 
absent; hypopygium broadly emarginate 
distally, lateral margins strongly carinate, 
disk strongly depressed; parameres mod- 
erately flattened, not blade-like; cuspis 
suddenly narrowed and angulate distally. 
Female.—Head distinctly wider than 

mesosoma; mandible edentate at tip, with 
small tooth within third of distance from 
base, emarginate beneath, with large sub- 
tending ventral tooth; eyes subovate, en- 

tire; antennal scrobes not carinate; genal 
carina absent; mesosoma pyriform, widest 
anteriorly, gradually narrowed posterior- 
ly; anterior and propodeal spiracles not 
tuberculate; metasomal segment I subses- 
sile with second (Fig. 11); pygidial area 

granulate, defined laterally by carinae 
(Fig. 34); plumose setae present on poste- 

rior margin of head, anterior margin of 

mesosoma, and apical margins of all terga. 
Distribution.—Western U.S. and Cana- 

da, Mexico. 

Hosts.—Unknown. 

Ephuta (Ephuta) Say 1836:297 

Type-species: Mutilla (Ephuta) scrupea 

Say 
Male.—Compound eyes emarginate 

(Fig. 53, 54); metasomal segment I slender, 
short, parallel-sided, not sessile with sec- 

ond (Fig. 54); humeral angle sharply pro- 
duced; small; densely punctate; felt line 
present on tergite II; axilla absent; notauli 

absent; dorsal margin of mandible not 

produced as prominent, lamellate tooth; 
clypeus convex, with two usually diver- 
gent carinae running down from common 
origin below and between antennal tuber- 

cles; lateral face of pronotum not armed 
with tooth below. 

Female.—Eyes ovate; metasomal seg- 

ment I short, transverse, parallel-sided 

(Fig. 30); a band of dense, silvery, seri- 

ceous vestiture at apex of petiole and me- 
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tasomal segment IH; small; densely punc- 
tate; felt lines lacking. 

Distribution.—Throughout much _ of 

western hemisphere. 
Hosts.—Anoplius Dufour, Dipogon Fox. 

Ephuta (Xenochile) Schuster 1956:8 

Type-species: Ephuta (Xenochile) krombet- 

ni Schuster 

Male.—Compound eyes emarginate 
(Fig. 53, 54); metasomal segment I slender, 

short, parallel-sided, not sessile with sec- 

ond (Fig. 54); humeral angle sharply pro- 

duced; small; densely punctate; felt line 

present on tergite II; axilla absent; notauli 
absent; dorsal margin of mandible ex- 

panded before middle into prominent la- 

mellate expansion; clypeus strongly de- 

pressed, forming basin with closed man- 
dibles, without carinae, but with sharp, 

finger-like process at junction with frons; 
lateral face of pronotum armed with small 
tooth near base of coxa. 

Female.-—Unknown. 

Distribution.—Arizona. 

Hosts.—Unknown. 

Leiomyrmosa Wasbauer 1973:325 

Type-species: Leiomyrmosa spilota Was- 
bauer 
Male.—Unknown. 
Female.—Hind coxa with dorsal lamella 

(Fig. 14); felt lines lacking (Fig. 16); pron- 
otum and mesonotum not fused (Fig. 13); 

sternite I simple, lacking a median pro- 

cess; ocelli absent; clypeus simple, lacking 

median spine or tooth; mandible with 

large apical tooth and two very small teeth 
on inner margin; ventral mandibular la- 
mella absent; prothoracic tarsus with rake 
consisting of long, spatulate spines at out- 
er apex of each segment (Fig. 18). 

Distribution.—California. 
Hosts.—Unknown. 

Lomachaeta Mickel 1936b:289 

Type-species: Lomachaeta hicksi Mickel 

Male.—Head slightly wider than meso- 

soma; mandible emarginate beneath, usu- 
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ally with subtending tooth; tip of mandi- 

ble edentate, with two small teeth within; 

eyes subovate, margins entire; axilla 

prominent; metasomal segment I petiolate 

with second (Fig. 21); felt line on tergite I 
only; tergites H-VI with a row of stout 
bristles at distal margin; stigma reduced, 
inconspicuous; setae simple or serrate. 

Female.—Head distinctly wider than 

mesosoma; integument of head and me- 
sosoma reticulate; mandible not emargin- 

ate or toothed beneath, with single tooth 
within; eyes subovate, entire; mesosoma 

pyriform, widest anteriorly, gradually 

narrowed posteriorly; anterior and pro- 

podeal spiracles tuberculate (Fig. 35); me- 

tasomal segment I much smaller than sec- 

ond, petiolate (Fig. 35, 36); felt line on ter- 

gite II only; pygidial area nitid, not de- 

fined laterally; setae simple. 

Distribution.—Much of U.S. and Mexico. 

Hosts.—Solierella Spinola. 

Morsyma Fox 1899:287 

Type-species: Morsyma Ashmeadii Fox 
Male.—Head slightly wider than meso- 

soma; eyes entire; sculpture coarsely 

punctate; plumose setae present on apical 

fringe of tergum II; mandible emarginate 

ventrally, with subtending tooth or angu- 
lation; antennal scrobes lacking a tubercle; 
clypeus often tuberculate at base; notauli 

absent; mesosternum unarmed; metaso- 

mal segment I sessile with second (Fig. 
20); sternal felt line well developed; para- 

meres and cuspis slender; wingless. 

Female-—Unknown. 

Distribution.—California. 

Hosts.—Unknown. 

Myrmilloides André 1903:26 

Type-species: Mutilla (Sphaeropthalma) 

grandiceps Blake 
Male-—Compound eyes approximately 

hemispherical, smooth and shiny; pteros- 

tigma completely sclerotized (Fig. 38, 49, 

51, 52); metasomal segment I completely 

sessile with second (Fig. 20); felt line pre- 

sent on tergite Il only; head extremely 
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large, quadrate, about twice width of me- 

sosoma; hypostomal tooth well devel- 
oped; posterolateral angles of head strong- 
ly carinate, dentiform; axilla absent; no- 

tauli absent. 

Female—Compound eyes round; head 
extremely large, quadrate (Fig. 22, 24, 26), 

about twice width of mesosoma; hypos- 

tomal tooth well developed; posterolateral 

angles of head strongly carinate, denti- 
form (Fig. 25); antennal tubercles dentate, 

prominently raised; metasomal segment | 
completely sessile with second (Fig. 20); 

pygidium without lateral carinae; felt line 
on tergite I only. 

Distribution.—Much of southern U.S. 

Hosts.—Augochlorella Sandhouse, Dialic- 

tus Robertson. 

Myrmosa (Myrmosa) Latreille 1796:118 

Type-species: Myrmosa atra Panzer 
Male.—Hind coxa with dorsal lamella 

(Fig. 14); felt lines lacking; forewing with 

M and Cul extending to apical margin 
(Fig. 37); jugal lobe present; sternites I and 
II with median process near base; clypeus 
with median longitudinal carina or keel at 

base. 
Female.—Hind coxa with dorsal lamella 

(Fig. 14); felt lines lacking; pronotum and 

mesonotum not fused (Fig. 13); sternite I 
with median process near base (Fig. 16); 
ocelli usually present; clypeus with me- 
dian spine or tooth. 

Distribution.—Throughout much of U.S. 
Hosts.—Dialictus Robertson, Lindenius 

Lepeletier and Brulle, Tiphia Fabricius. 

Myrmosa (Myrmosina) Krombein 1939: 
452 

Type-species: Myrmosa (Myrmosina) tex- 
ana Krombein 

Male.—Hind coxa with dorsal lamella 

(Fig. 14); felt lines lacking; forewing with 

M and Cul extending to apical margin 
(Fig. 37); jugal lobe present; sternite I with 

hook-like median process near base; ster- 

nite II simple; clypeus with median lon- 

gitudinal carina at base. 
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Female.—Unknown. 
Distribution.—Throughout much of U.S. 
Hosts.—Unknown. 

Myrmosula Bradley 1917:249 

Type-species: Myrmosa parvula Fox 
Male.—Hind coxa with dorsal lamella 

(Fig. 14); felt lines lacking; forewing with 

M and Cul extending to apical margin 
(Fig. 37); jugal lobe present; sternites I and 
II simple, lacking median processes; clyp- 
eus convex, without a carina. 

Female.—Hind coxa with dorsal lamella 

(Fig. 14); felt lines lacking; pronotum and 

mesonotum not fused (Fig. 13); sternite I 

simple, lacking median process; ocelli ab- 

sent; clypeus simple, lacking median spine 
or tooth; mandible with two apical teeth; 

ventral mandibular lamella present; pro- 

thoracic tarsus without rake (Fig. 17). 
Distribution.—Throughout much of U.S., 

into Canada. 

Hosts.—Augochlorella Sandhouse, Dialic- 

tus Robertson, Nomadopsis Ashmead. 

Odontophotopsis (Odontophotopsis) 
Viereck 1902:738 

Type-species: Odontophotopsis exogyrus 
Viereck 

Male.—Eyes entire, large and protrud- 
ing; sculpture usually weak and distant; 
plumose setae present; mandible emargin- 
ate ventrally and with subtending tooth or 
angulation; clypeus sometimes tubercu- 
late at base; notauli subcomplete or ob- 

scure on anterior third of mesoscutum; 

mesosternum armed with peg-like pro- 
cesses situated anteriorly (Fig. 42), rarely 

with 2—5 distinct teeth on each side (one 

species with crescent-shaped process on 
each side), at least anterior pair (if more 

than one) far before mesocoxae; metaso- 

mal segment I petiolate or subsessile with 

second; sternal felt line absent or very 

short; parameres and cuspis slender. 
Female.-—Unknown. 

Distribution.—Throughout much of 

southwestern and western U.S., into Can- 

ada. 
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Hosts.—Anthophora Fabricius. 

Odontophotopsis (Periphotopsis) 
Schuster 1958:60 

Type-species: Odontophotopsis (Peripho- 
topsis) mamatus Schuster 

Male.—Eyes entire, large and protrud- 
ing; sculpture usually weak and distant; 
plumose setae present; mandible emargin- 

ate ventrally and with subtending tooth or 

angulation; clypeus sometimes tubercu- 

late at base; notauli subcomplete or ob- 
scure on anterior third of mesoscutum; 

mesosternum armed only with pair of tu- 

mid, gibbous, nitid, impunctate longitu- 

dinal elevations directly anterior to me- 

socoxae (Fig. 42); metasomal segment | 

petiolate or subsessile with second (Fig. 

21); sternal felt line absent or very short; 

parameres and cuspis slender. 

Female-—Unknown. 

Distribution.—Southwestern U.S. 

Hosts.—Unknown. 

Photomorphus (Photomorphus) Viereck 
1903:249 

Type-species: Photomorphus Johnsoni Vi- 
ereck 

Male.—Eyes entire, small and weakly 

protruding; sculpture coarsely and often 
closely punctured; plumose setae absent 
or vestigial; mandible emarginate ventral- 

ly and with subtending tooth or angula- 

tion (Fig. 45); clypeus often tuberculate at 
base; notauli subcomplete or obscure on 

anterior third of mesoscutum; mesoster- 

num armed with denticulate longitudinal 

or transverse carinae (Figs. 43, 44); meta- 

somal segment I petiolate with second 

(Fig. 21); sternal felt line well developed; 

parameres and cuspis slender; mesocoxae 

separated; mandible bidentate apically; 
mentum distinctly produced as an anteri- 

or tubercle or posterior lingulate process. 
Female.-—Head as wide as mesosoma; 

mandible edentate at tip, with small tooth 

within a third of distance from base, emar- 

ginate beneath and with large subtending 
ventral tooth or not; eyes ovate; mesosoma 
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rectangular (Fig. 29); anterior and propo- 

deal spiracles slightly tuberculate; meta- 
somal segment I sessile with second (Fig. 
20), width at posterior margin slightly less 
than half greatest width of second; felt line 
on tergite Il only; pygidium smooth and 
shiny, with complete parallel carinae on 

disk; simple setae, although plumose setae 
may be present on apical fringes of terga. 

Distribution.—Throughout much of U.S. 
Hosts.—Unknown. 

Photomorphus (Photomorphina) Schuster 
1952:53 

Type-species: Photomorphus (Photomor- 
phina) aurifera Schuster 

Male.—Eyes entire, small and weakly 

protruding; sculpture coarsely and often 

closely punctured; plumose setae absent 
or vestigial; mandible emarginate ventral- 

ly and with subtending tooth or angula- 

tion; clypeus often tuberculate at base; no- 

tauli subcomplete or obscure on anterior 

third of mesoscutum; mesosternum armed 

with denticulate longitudinal or trans- 

verse carinae (Fig. 43, 44); metasomal seg- 
ment I petiolate with second (Fig. 21); ster- 

nal felt line well developed; parameres 

and cuspis slender; mesocoxae approxi- 

mate; mandible tridentate apically; men- 
tum never produced into a distinct pro- 
cess. 

Female-—Head as wide as mesosoma; 

mandible edentate at tip, with small tooth 
within a third of distance from base, emar- 

ginate beneath and with large subtending 
ventral tooth or not; eyes ovate; mesosoma 

rectangular (Fig. 29); anterior and propo- 

deal spiracles slightly tuberculate; meta- 
somal segment I sessile with second (Fig. 
20), width at posterior margin slightly less 
than half greatest width of second; felt line 

on tergite Hl only; pygidium dull, with 
parallel carinae only on basal two-thirds 
or less; simple setae, although plumose se- 

tae may be present on apical fringes of ter- 
ga. 

Distribution.—Throughout much of U.S. 

Hosts.—Unknown. 
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Protophotopsis Schuster 1946:693 

Type-species: Protophotopsis scudderi 
Schuster 

Male.—Eyes entire; sculpture coarsely 
and often closely punctured; plumose se- 
tae absent; mandible not emarginate ven- 
trally, without subtending tooth or angu- 

lation; anterior margin of mesonotum 

emarginate medially; notauli absent; me- 

sosternum unarmed (Fig. 41); sternal felt 

line well developed; metasomal tergites 

with pale curled bristles on apical mar- 
gins; parameres and cuspis slender. 

Female-——Head as wide as mesosoma; 

integument of head and mesosoma punc- 
tate; mandible bidentate distally, not 

emarginate or toothed beneath; eyes su- 
bovate and entire; genal carina absent; me- 

sosoma subrectangular; anterior and pro- 

podeal spiracles slightly tuberculate; me- 
tasomal segment I subsessile with second 
(Fig. 21); felt line present on tergite IH and 
sternite II (Fig. 19), sometimes felt line of 
sternite II inconspicuous; pygidial area 
nitid, not defined laterally; simple and mi- 

croserrate setae present. 

Distribution.mKansas, Texas, California, 

Colorado. 
Hosts.—Unknown. 

Pseudomethoca Ashmead 1896:181 

Type-species: Phiotopsis Cressoni Fox 

Male.—Compound eyes approximately 
hemispherical, smooth and shiny; pteros- 
tigma completely sclerotized; metasomal 
segment I completely sessile with second 
(Fig. 20); felt line present on tergite II only; 
head large, quadrate, but much less than 
twice width of mesosoma; posterolateral 
angles of head usually not strongly cari- 
nate or dentiform; plumose setae lacking; 
axilla prominent; notauli absent. 

Female-—Compound eyes round; head 
large, quadrate (Figs. 22, 24, 26), but less 

than twice width of mesosoma; postero- 

lateral angles of head usually not strongly 
carinate or dentiform; metasomal segment 

| completely sessile with second (Fig. 20); 
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felt line on tergite II only; plumose setae 
lacking. 

Distribution.—Throughout much of 
western hemisphere. 

Hosts.—Augochlorella Sandhouse, Dialic- 
tus Robertson, Evylaeus Robertson, Noma 

Latreille. 

Smicromutilla Mickel 1964:108 

Type-species: Smicromutilla 
Mickel 

Male.—Head slightly wider than meso- 

soma; mandible not emarginate beneath; 

tip of mandible edentate, with two small 

teeth within; eyes subovate, margins en- 

tire; ocelli small, ocellocular distance three 

times width of a lateral ocellus; axilla 

prominent; metasomal segment I subses- 

sile with second (Fig. 21); felt line on ter- 
gite II only; terga without a row of bristles 

at margin; stigma vestigial, inconspicuous 
(Fig, 51), 

Female.—Head distinctly wider than 
mesosoma; integument of head and me- 

sosoma reticulate; mandible with single 

tooth within, not emarginate or toothed 

beneath; eyes subovate and entire; meso- 

soma pyriform, widest anteriorly, gradu- 

ally narrowed posteriorly; anterior and 

propodeal spiracles not tuberculate; me- 

tasomal segment I subsessile with second 
(Fig. 21); felt line on tergite II only; pygid- 
ial area nitid, not defined laterally; simple 

setae only. 

Distribution.—California. 

Hosts.—Diodontus Curtis. 

powelli 

Sphaeropthalma (Sphaeropthalma) Blake 
1871:232 

Type-species: Mutilla (Sphaeropthalma) 
scaeva Blake 
Male.—Head slightly wider than meso- 

soma; marginal cell length equal to or 
slightly longer than stigma; ventral tooth 

of mandible usually small; eyes subovate, 
margins entire; eyes and ocelli small, com- 

pound eye separated from base of man- 
dible, distance between posterior margin 
of compound eye and posterolateral angle 
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of head conspicuously greater than great- 
est diameter of eye; sternum unmodified 

(Fig. 41); metasomal segment I subsessile 

with second (Fig. 21); felt line absent on 

sternite I]; with conspicuous plumose se- 

tae; cuspis spatulate, dilated distally, bear- 

ing plumose setae; setae black and golden 

throughout. 
Female-—Head as wide as mesosoma; 

integument of head and mesosoma punc- 
tate; mandible with a single tooth within, 

emarginate beneath, with prominent sub- 

basal tooth; eyes subovate and entire; ge- 

nal carina absent; mesosoma_ pyriform, 

widest anteriorly, gradually narrowed 
posteriorly; anterior and propodeal spira- 
cles not tuberculate; metasomal segment | 

petiolate with second (Fig. 21); felt line on 
tergite Il only; plumose setae limited to 

area of short dense white setae on dorsum 

of petiole (Fig. 31), and apical fringe of ter- 

gite II; antennal scrobe carinate dorsally; 

flagellomere II 2* length of first; propo- 

deum elongate, length in lateral view 

equal to 0.75 height; pygidial area un- 
defined laterally. 

Distribution.—Throughout much of U.S. 

Hosts.—Auplopus Spinola, Chalybion 
Dahlbom, Sceliphron Klug, Trypargilum 
Richards. 

Sphaeropthalma (Micromutilla) 
Ashmead 1899:59 

Type-species: Photopsis nanus Ashmead 
Male.—Head slightly wider than meso- 

soma; eyes subovate, margins entire; pter- 

ostigma sclerotized (Figs. 38, 49, 51, 52); 

sternum unmodified (Fig. 41); metasomal 

segment I subsessile to petiolate with sec- 
ond (Fig. 21); sternite Il with elongate, 

well-developed felt line; ventral mandib- 
ular tooth present, but small; notauli pre 

sent, but limited to distal half of mesos- 

cutum; flagellomere I longer than wide, 
not like pedicel. 

Female.—Unknown. 

Distribution.—Southwestern U.S., Mexi- 

co. 

Hosts.—Auplopus Spinola. 
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Sphaeropthalma (Photopsioides) 
Schuster 1958:36 

Type-species: Agama uro Blake 
Male.—Head slightly wider than meso- 

soma; marginal cell length equal to or 

slightly longer than stigma; ventral tooth 
of mandible usually small; eyes subovate, 

margins entire; eyes and ocelli large, bulg- 
ing, compound eye touching base of man- 
dible, posterior margin of compound eye 
less than greatest diameter of eye from 
posterolateral angle of head; sternum un- 

modified (Fig. 41); metasomal segment | 

petiolate with second (Fig. 21); felt line ab- 

sent on sternite If; with conspicuous plu- 

mose setae; cuspis spatulate, dilated dis- 
tally, bearing plumose setae; setae white 
or golden throughout. 
Female-—Head as wide as mesosoma; 

integument of head and mesosoma punc- 
tate; mandible with a single tooth within, 
emarginate beneath, with prominent sub- 

basal tooth; eyes subovate and entire; ge- 

nal carina absent; mesosoma_ pyriform, 
widest anteriorly, gradually narrowed 

posteriorly; anterior and propodeal spira- 
cles not tuberculate; metasomal segment I 
petiolate with second (Fig. 21); felt line on 

tergite II only; plumose setae throughout, 
but lacking area of short dense white setae 
on dorsum of petiole; antennal scrobe car- 
inate dorsally; flagellomere II slightly less 
than 2 (1.8) length of first; propodeum 
short, length in lateral view =0.5x height; 

pygidial area undefined laterally. 
Distribution.—Western U.S., Mexico. 

Hosts.—Ancistrocerus Wesmael, Antho- 
copa Lepeletier, Ashmeadiella Cockerell, 

Dianthidium Cockerell, Hoplitis Klug, Lep- 
tochilus Saussure, Pachodynerus Saussure, 

Sapyga Latreille, and Trypargilum Rich- 

ards. 

Sphaeropthalma (Photopsis) Blake 
1871:258 

Type-species: Agama imperialis Blake 
Male.—Head slightly wider than meso- 

soma; marginal cell distinctly elongate, 



much longer than stigma; mandible dis- 

tinctly tridentate, ventral tooth of mandi- 

ble often large; eyes subovate, margins en- 
tire; notauli not deep, lines wider than 

deep; sternum unmodified (Fig. 41); coxa 

often armed; metasomal segment I petio- 
late with second (Fig. 21); felt line absent 

on sternite H; with conspicuous plumose 

setae; Cuspis never spatulate or dilated 
distally, never bearing plumose setae; py- 

gidium and hypopygium distinctly elon- 
gate. 

Female.—Head as wide as mesosoma; 
integument of head and mesosoma punc- 

tate; mandible emarginate beneath, but 
without sub-basal tooth; eyes subovate 
and entire; genal carina present to absent; 

mesosoma pyriform, widest anteriorly, 

gradually narrowed posteriorly; anterior 
and propodeal spiracles not tuberculate; 
metasomal segment I petiolate (Fig. 32) to 

sessile (Fig. 28) with second; felt line on 
tergite I] only; plumose setae conspicuous; 
pygidium varying from defined laterally 
(Fig. 32) to undefined laterally (Fig. 28). 

Distribution.—Western U.S., Mexico. 

Hosts.—Anthidium Fabricius, Anthophora 

Fabricius, Aslimeadiella Cockerell, Callan- 

thidium Cockerell, Diadasia Patton, Euody- 

nerus Dalla Torre, Isodontia Patton, Melis- 

sodes Latreille, Tachysphex Kohl, and Xe- 
romelecta Linsley. 

Sphaeropthalma (Physetapsis) Schuster 
1958:20 

Type-species: Sphaeropthalma (Physetap- 
sis) papaga Schuster 
Male.—Head slightly wider than meso- 

soma; marginal cell distinctly elongate, 
much longer than stigma; mandible biden- 
tate or bidentate with minute median 
third tooth, acuminate distally, eyes su- 
bovate, margins entire; notauli deep, lines 

deeper than wide; sternum unmodified 

(Fig. 41); coxa often armed; metasomal 

segment I petiolate with second (Fig. 21); 

felt line of sternite II distinct; with con- 

spicuous plumose setae; cuspis never 

spatulate or dilated distally, never bearing 
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plumose setae; pygidium and hypopy- 
gium distinctly elongate. 
Female-—Unknown. 

Distribution.—Southwestern U.S., into 

Canada. 

Hosts.—Unknown. 

Stethophotopsis Pitts, in Pitts and 
McHugh 2000:29 

Type-species: Stethophotopsis maculata 
Pitts 

Male.—Eyes entire, moderately protu- 
berant; ocelli small; clypeal base tubercu- 
late; mandible tridentate apically, ventral 

margin with a slight excision, not subtend- 

ed by a distinct sub-basal tooth (Fig. 45); 

antennal scrobes carinate above, lacking a 

tubercle; notauli absent or obscure on an- 

terior third of mesoscutum; mesosternum 

armed with pair of triangular tapering 
processes, originating near midline im- 
mediately anterior to mesocoxae, and ap- 
pearing to cup anterior margin of meso- 

coxae, covered with dense simple setae; 

metasomal segment I petiolate with sec- 
ond (Fig. 21); felt line present on sternite 

II; plumose setae present; cuspis elongate, 

basal portion cylindrical, distal portion di- 

lated and weakly concave on ventral sur- 

face. 

Female-—Head narrower than mesoso- 

ma; integument of head and mesosoma 

punctate; mandible with a single tooth 

within, slightly emarginate beneath, with 

sub-basal tooth; eyes subovate and entire; 

genal carina absent; mesosoma pyriform, 

widest anteriorly, slightly narrowed pos- 

teriorly; anterior and propodeal spiracles 
not tuberculate; metasomal segment I pet- 

iolate with second (Figs. 21, 33); felt line 

on tergite II only; plumose setae on apical 
margins of metasomal segments; antennal 

scrobe inconspicuously carinate dorsally; 
flagellomere II 1.1x length of first; propo- 
deum short, length in lateral view =0.5x 

height; pygidial area undefined laterally. 

Distribution.—Arizona. 

Hosts.—Unknown. 
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Timulla Ashmead 1899:55 

Type-species: Mutilla dubitata Smith 

Male.—Compound eyes emarginate 
(Figs. 53, 54); metasomal segment I sessile 
with second (Figs. 20, 53); humeral angles 
rounded; felt line on tergite IT only; axilla 

present; notauli present and conspicuous. 

Female.—Eyes strongly ovate; mesoso- 
ma long, rectangular in shape, generally 

narrowed medially (Fig. 27); Metasomal 

segment I sessile with second (Figs. 20, 

53); felt line on tergite II only. 

Distribution.—Throughout much of 

western hemisphere. 

Hosts.—Bembix Fabricius. 
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Abstract.—The following new species of Arpactophilus are described: A. deakinus, A. platyce- 

phalus, A. similus, A. flavifrons, A. magneticus, A. kakaduensis, A transversus, A. termes, and A. 

hursti. This brings the total number of named Australian species to 22. An illustrated key to the 

females of described Australian Arpactophilus species is provided and a lectotype for A. stein- 

dachneri Kohl is designated. Biological information is presented for each of the new species plus 
A, reticulatus (Turner). Extended parental care and progressive provisioning are the hallmark of 

this genus, with known species displaying a range of habits from solitary (4 species) to possibly 

eusocial (a nest of A. termes contained 19 adults and 33 cells). Arpactophilus reticulatus appears to 

be the most generalized, and was found nesting in stem cavities of five plant species across a 

broad range of habitats. It was parasitized by a generalist eupelmid wasp, Calosota sp. Four species 

used empty galls of a gelechiid moth, Sphaleractis parasitica Meyrick, on geebung, Persoonia falcata 

(Proteaceae). Five other species nested in old beetle tunnels in slender twigs of various trees and 

shrubs. Psyllid nymphs were the usual prey, but A. fransversus also preyed upon cicadellid 

nymphs. All species appear to have multiple generations per year where weather conditions 

permit. 

Arpactophilus is an Australasian genus 

of predatory wasps remarkable among 
Apoidea (Melo 1999) for their high level 
of social behavior (Matthews and Nau- 

mann 1988). Presently, 13 species are re- 

corded from Australia. However, material 

in collections indicate that there exists a 

spectacular array of more than 60 undes- 
cribed species (Naumann, unpublished). 

The genotype, A. bicolor Smith (1864), was 
described from Misool, an island near the 

western end of New Guinea, which re- 

mains the westernmost locality of the ge- 

nus outside Australia. Menke (1989) de- 

scribed three new Arpactophilus species 

from New Guinea, and stated that there 

were several undescribed species repre- 
sented in the collections of the Bishop Mu- 
seum, distributed from New Guinea to 

Fiji, including New Britain, New Caledo- 

nia, and the Solomon Islands. Recently, 

Bohart (1999) described 17 new species 
from New Caledonia with a key to fe- 
males from material taken by Malaise 

traps. 

Bohart and Menke (1976) synonymized 

Austrostigmus Turner (1912) under Arpac- 

tophilus, commenting that the characters 
used by Turner to distinguish it from Ar- 

pactophilus were variable and intergraded 

with those of typical Arpactophilus. Menke 

(1989) reviewed the diagnostic characters 

of the genus and provided detailed notes 

on morphological variation present 

among the species. In addition, he placed 

it in a separate new subtribe of the Pem- 

phredoninae, the Spilomenina, together 

with the closely related Spilomena, Micros- 
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tigmus, and Xysma (see also Menke 1997, 
p. 201): 

This paper describes nine distinctive 
new Australian Arpactophilus and pro- 

vides a key to females of all the named 
Australian species. Biological data for 
each of the new species plus one previ- 
ously named are also presented. 
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ogy for microsculpture follows Harris 

(1979) and Eady (1968). Biological studies 

were conducted on Magnetic Island, near 

Townsville, Queensland from October to 

December, 1998, in Deakin, a suburb of 

Canberra, A.C.T. in January and February 
1999, and in Kakadu National Park, east 

of Darwin, Northern Territory in May 

Morphological terminology largely fol- 
lows Bohart and Menke (1976). Terminol- 

1999. Unless otherwise noted, all speci- 

mens and nests from this study are de- 
posited in the Australian National Insect 

Collection (ANIC) in Canberra, Australia. 

METHODS 

KEY TO DESCRIBED AUSTRALIAN ARPACTOPHILUS (FEMALES) 

1. Second submarginal cell triangular and anteriorly appendiculate or stalked (Fig. 1) .... 

ES, Ne eS one dace fey aia: aod A cae hy Bie one aay cc ee oe eae queenslandensis (Turner) 

— Second submarginal cell trapezoidal or cubical, or if triangular, not distinctly stalked 

CES SAP eld Cleo) tee Rh ecco 8 a2 19-69 aR espace! aah a aaln oe crak a sae ene OSS ee cee ee 2 

2. Head strongly flattened; pronotum greatly elongated and mesosoma dorsoventrally 

stromely compressed (bigs, 17=19-and 20-22)” 1. dasa eutOCt 24d sauce ee te eee 3 

— Head globular to elongate, not at all flattened; pronotum transverse, not elongated and 

mesOsoma Motamarkedly compressed dorsoventrallly: ao o..0gu na Sl ee ee ee en 4 

3. Clypeal free margin cream yellow to orange red; second submarginal cell trapezoidal . . 

A ee re ee rr Oe ee er ee eee rrr ae ee eae ee similus sp. nov. 

— Clypeus entirely black; second submarginal cell nearly triangular .. platycephalus sp. nov. 

4. Body entirely black or dark brown, except occasionally tegula and/or pronotal lobe ligh- 

22) Se So See ore te ea ee ee a ae eee ee ee re ee ere eee ee 15 

— Body (excluding legs and antennae) marked with yellow, red-orange, or cream, at least 

OIinelypoealawlCalMNGhOUY dc 6:4-2-5- taf edness Mone OM  eyoaa oe eee ee eee eee 5 

pweViesosOlladt least partly TEC, OrAUPe 4. i. au vue oes eee ae hae ae ee eae 6 

— Mesosoma entirely black, or at most with only the pronotal lobe lighter .............. i 

6. Pronotum red/orange, contrasting sharply with black mesonotum ...... ruficollis (Turner) 

— Pronotum anterior to pronotal carina mostly black ................ kakaduensis sp. nov. 

7. Head marked with yellow or red/orange or cream color, at least on clypeal free margin 

Gide Gi cd a orice Se Rae ca ish Ti Feo oD it wa in cece a 8 SSR re 8 
= dead embrely bleh ew tie’ Cac: oa. £14,0-' dre acs tile Bin See oe ioe ee es ee 2) 

8. Lower face to middle of eyes yellow; gena extensively yellow .......... tricolor (Turner) 
— Yellow facial markings confined mostly to clypeus; gena with yellow restricted to region 

SuITroundines matidiblarsockel sus eiiaiein oe es Osan ni eeeeebares< flavifrons sp. nov. 

9. Pronotal carina prominent, elevated, distinctly separated from mesoscutum, with antero- 

lateral margins acutely angulate (Fig. 64); free clypeal margin distinctly cream colored 

eee a ee ee ee ee ee ee ere ever eee yr ey hursti sp. nov. 

— Pronotal carina low, sometimes thin and bladelike, closely appressed to mesoscutum, with 

anterolateral margin rounded; free clypeal margin black or nearly so .............-. 10 

10. Body length less than 4 mm; vertex microreticulate to finely punctate; distance from 

lateral ocellus to eye distinctly less than distance between lateral ocelli (Fig. 33) ....... 

magneticus sp. nov. 
Body length greater than 5 mm; vertex coarsely sculptured, often with prominent stria- 

tion; distance from lateral ocellus to eye equal to or greater than distance between lateral 

ocelli (Fig. 4) 
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11. Frontal carina expanded into an acute projection on frons (Fig. 5) 
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Spee aoe ae arator (Turner) 

— Frontal carina not forming an acute projection, although sometimes expanded blade-like 
between scapes Tyo ot dyn RE, SES « oe ee 12 

12. First recurrent vein received by first submarginal cell (Fig. 2) sulcatus (Turner) af 

— First recurrent vein more or less interstitial or inserting on second submarginal cell (Fig. 
UE < fe ee eet aateh cee Gs Pe utes yer tes ahd atin Dee enivsuer' 

13. Mesoscutellum longitudinally striate (Fig. 6) 

— Mesoscutellum microreticulate with sparse setigerous punctures (Fig. 7) 

14. Pronotal carina bladelike, distinctly separated from the mesoscutum 

— Pronotal carina closely appressed or barely separated from mesoscutum .. . 

15. Mandible strongly angulate at base and broadened just before apex (Fig. 8) 

16. Occipital carina complete dorsally (Fig. 53) 

— Occipital carina incomplete, evanescent or interrupted dorsally 

eee 14 

. steindachneri Kohl 

kohlii (Turner) 

ee ee eee ee eee mimi Naumann 

— Mandible not as above, curved at base and gradually narrowing toward apex 

17. Pedicel length about half that of first flagellomere; clypeal margin not serrated; mesoscutal 

sculpture rugose with large, irregularly spaced, crater-like punctures (Fig. 9) 

pains sail a a tans ae 4 reticulatus (Turner) 

Pedicel length subequal to that of first flagellomere; mesoscutal sculpture reticulate rugose 
15 ys ei a me eae an termes sp. nov. 

18. Mesoscutum with distinct transverse carinulae (Figs. 47-48); gena strongly strigose (Fig. 45) 

ROR ROM ANC eT THEO pO Nn Cr Carta ser transversus Sp. nov. 

— Mesoscutum mostly finely punctate; gena sculpture variable, but not strongly strigose 19 
19. Frontal carina raised, forming a translucent lamella between antennal scrobes 

dubius (Turner) 

— Frontal carina low, barely raised between antennal scrobes ...................-004- 20 
20. Pronotal carina not especially raised, the anterolateral margin smoothly rounded, not at 

all projecting (Fig. 11); genal carina present deakinus sp. nov. 
— Pronotal carina strongly raised, anterolateral margin angulate; genal carina absent ..... 21 

21. Anterior veinlet of the second submarginal cell as long as 2r-m cross vein, the second 
submarginal cell nearly quadrate; stigma brown ee ey ee ener glabrellus (Turner) 

— Anterior veinlet of the second submarginal cell distinctly shorter than 2r-m cross vein, 

the second submarginal cell more trapezoidal; stigma yellow-brown 

approximatus (Turner) 

TAXONOMY 

The ANIC collection of Arpactophilus 
has been sorted into over 60 provisional 

species, most of which are unique or rep- 
resented by only a few specimens, usually 
females. Based on this material, Menke’s 

(1988) comments on morphological varia- 

tion within the genus can be augmented 

for the Australian fauna as follows. 

Head shape varies from globular to 

quadrate to elongate and flattened. Pos- 
tocellar area may be long or short, and 

broadly emarginate to transverse as 
viewed dorsally. Head sculpture, like that 

of the mesonotum and propodeum, varies 

from nearly smooth, to finely punctate, to 
distinctly striate, to coarsely rugose areo- 

late. A well-developed carina may be pre- 
sent or absent on the gena. Clypeal free 
margin varies from broadly rounded to 

medially strongly emarginate. Labral free 

margin varies from entire to broadly bi- 

lobed to multidentate (2, 4 or 6 teeth). 

Frontal carina varies from strong to weak, 

and takes a variety of forms above the 

clypeus from dorsally bifurcated to lamel- 
late to ventrally spinose. Additionally, it 

may extend a variable distance onto the 

clypeus and is sometimes flanked by sub- 
median carinae. 
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3 

Figs. 1-3. Arpactophilus, second submarginal cell of 

right fore wing. 1, A. queenslandensis. 2, A. sulcatus. 3, 

A. deserticolus. All drawn to same scale. 

Pronotal collar varies from elongate 

(nearly as long as the mesoscutellum) to 

short, knifelike and closely appressed to 

mesoscutum. The transverse pronotal ca- 
rina sometimes forms a bladelike lamella, 

either distinctly separated from mesoscu- 

tum or closely appressed to it. In dorsal 

view the carina may be straight, gently 
curved or broadly v-shaped, and the an- 

terolateral margin vares from acutely an- 

gulate to gently rounded. 
Forewing venation differs as illustrated 

in Figs. 1-3. In particular, the shape of the 
second submarginal cell varies from an- 
teriorly broad, to narrow, to stalked, and 

the insertion of the first recurrent vein 

varies from the first submarginal, to inter- 

stitial, to the second submarginal. Menke 

JOURNAL OF HYMENOPTERA RESEARCH 

(1988) also noted specimens from New 

Caledonia and Solomon Islands with only 
a single submarginal cell, and Bohart 
(1999) described four species with one 
submarginal cell from New Caledonia. 
There are at least two species in Australia 
with only one submarginal cell (one col- 

lected nr. Herberton, Old, Australian Mu- 

seum Collection, other from Surveyors 
Pool, WA in ANIC). Finally, the marginal 

cell varies from apically rounded to acu- 
minate. 

Terga I and Il vary from smooth to 
sparsely punctate, to extensively microre- 

ticulate. Sternum VI in females varies 

from entire to subdivided into a medio- 
sternite flanked by two _ laterosternites. 

Male genitalia have not yet received de- 
tailed study, as males are generally un- 
common in collected material. However, 

Dollfuss (1983) found genitalic characters 

of considerable taxonomic value in the 
closely related genus Spilomena, which 
suggests that those of Arpactophilus will 
likely also prove useful. 

Color varies from entirely black to pale 
except for a black head. Red/orange or 
pale straw occurs variably on either the 

mesosoma or metasoma or both. Many 

species have the lower face and part of the 
gena marked with yellow. So far none of 
the extensively pale species have been de- 
scribed. Interestingly, labels on several of 
these specimens state that they were taken 

at light. 

Arpactophilus deakinus Matthews and 
Naumann, sp. nov. 

(Figs. 10-16; Table 1) 

Type material. —Holotype 25. .39:195 
149.06E, Deakin, A.C.T., 24-i-99, R. 

Matthews, Bio. Note 187, in ANIC. Para- 

types: 9 22, one Gd, all same locality as 
holotype (dates and notes are 31-i-99, note 
200a; 6-11-99, note 206; 24-i1-99, note 187; 

20-i11-99, note 206, cell 3; 27-11-99, note 206, 

cell 2), one 6, 28.22S 153.05E, Brindle Ck., 

NSW, Border Ras NP, 14-ii-84, I. D. Nau- 

mann, ex ethanol, all in ANIC. 
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Figs. 4-9. Arpactophilus. 4, A. deserticolus, head of holotype, dorsal view (48%). 5, A. arator, face of holotype 

showing spinose projection above clypeus (72). 6, A. deserticolus, mesosoma of holotype, dorsal view (44%). 

7, A. kohlit, mesoscutellum and propodeum of holotype, dorsal view (54%). 8, A. mimt, lower face and man- 

dibles (100). 9, A. reticulatus, mesosoma dorsal view (130). 

Female.—Measurements and ratios as in 
Table 1. Head: Globular, without long 

post-ocellar area. Vertex and face uniform- 
ly moderately punctate (Fig. 11), inter- 

spaces finely microreticulate. Occipital ca- 
rina strong laterally, evanescent dorsally. 
Gena (Fig. 12) microreticulate, becoming 

strigose to crenulate along genal carina. 

Genal carina present, but fading ventrally 

before reaching mandibular sockets. An- 

tennal scrobes well defined, microreticu- 

late to faintly transversely costulate. Fron- 

tal carina fine, low and distinct, extending 

from median onto about 2/3 

length of clypeus (Fig. 11). Circumocular 

groove narrow and weakly crenulate 
along inner orbits, becoming crenulate 
along outer orbits. Clypeus finely micro- 

ocellus 
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Figs. 10-16. 

lateral (1 10 ‘s ). 

lateral (94). 16, Dorsal view of apex of tergum 6 (220> 

reticulate, narrowly emarginate apically 
(Fig. 13). Labrum with four uniformly 
spaced teeth, the outer ones slightly small- 

er and more pointed. Mandible evenly 
curved, bidentate apically, the outer tooth 

about twice as long as inner tooth. Anten- 
na: Scape and flagellomeres stout; first fla- 
gellomere nearly half as long as pedicel 
and only slightly longer than wide. Scapal 

length equal to pedicel plus first 3 flagel- 

lomeres. Mesosoma: Pronotal carina a low 

Arpactophilus deakinus, paratype female. 10, Body, lateral (36%). 11 

13, Lower face, clypeal margin and mandibles (160%). 14-15, Mesosoma, dorsal (66> 

12, Head, frontal (66) and 

) and 

). 

keel (Figs. 11,12, and 15), distinctly sepa- 

rated from anterior margin of mesoscu- 

tum by about width of first flagellomere 

at its narrowest point, curving slightly an- 

teriorly laterally, but lacking angulate an- 

terolateral margin, posteriorly longitudi- 

nally striate, most apparent laterally. Me- 

soscutum (Fig.14) convex, uniformly cov- 

ered with fine, closely spaced setigerous 

punctures, interspaces finely microreticu- 

late; parapsidal lines distinct, well de- 
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fined; notauli evident at anterior margins, 

but less distinct than parapsidal lines. 
Sculpture of mesoscutellum and metano- 

tum essentially same as mesonotum; pres- 

cutellar sulcus narrow. Mesopleuron (Fig. 
15) posteriorly obliquely costulate/coria- 
ceous; hypersternaulus distinct, crenulate, 

narrow, broadening posteriorly; omaulus 

present, acetabular carina absent; meta- 
pleuron clothed with short hairs, obscur- 

ing microsculpture. Propodeum uniform- 
ly areolate rugose (Fig. 14); posterior face 
transversely strigose costulate with a 
small central dorsal smooth area bounded 

by a Y-shaped carina whose base extends 
to metasomal insertion. Forewing: Second 
submarginal cell narrowed anteriorly, 

trapezoidal; first recurrent vein received 

by submarginal I; M beyond 2r-m absent. 
Metasoma: Terga 1 and 2 smooth, shining, 

with widely scattered setigerous punc- 
tures. T2—5 uniformly faintly microreticu- 
late. T6 apically truncate with dense brush 
of short setae (Fig. 16). Color: Head, me- 

sosoma, and metasoma black, non-metal- 
lic. Antenna, mouthparts, tegula, legs (ex- 

cept coxae) orange/red. Coxae black ba- 
sally, suffused with red/orange distally. 

Forewing hyaline, venation yellow over 
basal half; stigma and distal veins brown. 

Male.—Identical to female in size, sculp- 
ture, and color. Paramere broad, apically 

blunt, glabrous except for short setae over 
apical area. Aedeagus strongly curved and 
pointed apically, nearly as long as para- 
mere. Cuspis triangular, flattened, about 

half length of paramere, with a slight twist 
along longitudinal axis. Digitus about 
0.85 cuspis, slightly swollen and setose 

apically. 
Etymology.—The specific name refers to 

the Canberra suburb where the type spec- 
imen was collected, and is a noun in ap- 

position. 

Diagnosis.—This species appears to be 

most similar to A. glabrellus (Turner) 
known only from W. Australia. It differs 
in being larger and entirely black (A. gla- 
brellus mesosoma and metasoma are a 
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deep mahogany brown). The second sub- 
marginal cell is more trapezoidal in A. 

deakinus, with the second abscissa of Rs + 

M about equal to anterior veinlet of sub- 
marginal H, whereas it is distinctly shorter 

in A. glabrellus. Finally, A. deakinus has a 

much more extensively sculptured pro- 

podeal hindface, which is nearly smooth 

and glabrous in A. glabrellus, and a much 
more uniformly punctate mesopleuron 
than does A. glabrellus. 

Arpactophilus platycephalus Matthews 
and Naumann, sp. nov. 

(Figs. 17-22; Table 1) 

Type material.—Holotype %,, 19.095 
146.52E, Arcadia Magnetic Is. OLD, 27-xi- 

98, R. W. Matthews, Reared ex gall of 

Sphaleractis sp. on Persoonia falcata, Note 
114, cell 2, in ANIC. Paratypes: 3 @ 2, all 

same locality as holotype (dates and notes 
are 8-xi-98, note 115; 27-xi-98, note 115, 

cell 1; 8-xi-98, note 114); one 2 Jim Jim 

Creek, 19km WSW of Mt. Cahill, N.T., 24- 

x-72, D. H. Colless. One paratype in 

Queensland Museum; others in ANIC. 

Female.-—Measurements and ratios as in 

Table 1. Head: Strongly flattened, elongate, 

almost prognathous. Vertex and face uni- 

formly faintly microreticulate (Fig. 18). 

Occipital carina strong laterally, joining 

hypostomal carina ventrally, absent dor- 

sally. Hypostoma with scattered fine setig- 

erous punctures, interspaces microreticu- 

late. Gena (Fig. 19) very narrow, faintly 

microreticulate, genal carina barely evi- 

dent. Antennal scrobes shallow, indistinct, 

sculpture continuous with face. Frontal ca- 

rina fine, low and distinct, not extending 

onto clypeus, flanked by very fine short 

carinae on either side at level of antennal 

sockets. Circumocular groove absent. Pos- 

tocellar area very short, less than half dis- 

tance between lateral ocelli, and broadly 
concave posteriorly in dorsal view. Clyp- 

eus flattened, medially shining to very 
faintly microreticulate apically and later- 
ally, broadly emarginate apically (Fig. 20). 
Labrum with six uniformly spaced teeth. 
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Figs. 17-22. 

22, Head and mesosoma, dorsal (60). 

Mandible evenly curved, bidentate apical- 
ly, the outer tooth distinctly longer than 

inner tooth. Antenna: Scape and flagellom- 
eres slender; first flagellomere slightly lon- 

ger than half of pedicel and about as long 

as wide. Scape short, not quite reaching 
mid orbit, length equal to pedicel plus first 

2 flagellomeres. Mesosoma: Pronotum elon- 

gate, flattened, much narrower than head 

and mesoscutum. Pronotal carina crossing 

at about half of pronotal length, slightly 

raised, forming a “’v’’ medially as seen in 

dorsal view (Figs. 18, 22), lateral and dor- 

sal portions posterior to carina weakly 

longitudinally striate, faintly transversely 

Arpactophilus platycephalus, paratype female. 17, Body, lateral (26> 
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). 18-19, Head, frontal (110) 

and lateral (100). 20, Lower face, clypeal margin, labrum, and mandibles (300). 21, Mesosoma, lateral (86%). 

strigose anterior to carina medially. Me- 

soscutum (Figs. 21, 22) extremely flat- 

tened, uniformly finely microreticulate, 

becoming very faintly longitudinally stri- 

ate along posterior margin; parapsidal 

lines and notauli absent. Sculpture of me- 

soscutellum and metanotum essentially 

same as mesonotum; prescutellar sulcus 

narrow and crenulate. Mesopleuron (Fig. 

21) with episternal sulcus curving poste- 

riorly to become continuous with hyper- 

sternaulus as a rather broad crenulate fur- 

row; acetabular carina absent. Propodeum 

areolate rugose, interspaces faintly micro- 

reticulate, the dorsal face with 4 somewhat 
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more pronounced oblique longitudinal ca- 
rinae, two lateral, two more medial, con- 

verging posteriorly (Fig. 22); posterior face 
short, about half as long as dorsal face, 

with a medial carina extending ventrally 
from a small shining triangular area, oth- 

erwise microreticulate with a few weak ir- 
regular carinae laterally, and three evenly 
spaced, barely apparent weak tubercles 
along posterior lateral margins. Forewing: 
Second submarginal cell narrowed ante- 
riorly, triangular, essentially lacking the 

anterior veinlet; first recurrent vein re- 

ceived by submarginal I; second abscissa 
of Rs + M subequal to basal veinlet of 
submarginal II; M distinctly evident be- 

yond 2r-m. Metasoma: Terga 1 and 2 
smooth, shining, with widely spaced mi- 
nute setigerous punctures. T3—5 uniformly 

faintly microreticulate. T6é smooth, shin- 
ing, rounded apically, with a dense brush 
of very short whitish setae along apical 
margin. S6 with several golden setae that 
are distinctly longer than any other sternal 
setae. Color: Head, mesosoma, and meta- 
soma _ black, non-metallic. Antennae, 

mouthparts, legs (including coxae) or- 

ange/red. Forewing hyaline, venation in- 
cluding stigma uniformly straw yellow. 
Male.—Unknown. 
Etymology.—The specific name is in ref- 

erence to the distinctive head shape (Fig. 

12): 
Diagnosis.—This species belongs to a 

unique group in the genus characterized 
by the strongly dorsoventrally com- 
pressed head and body and elongate pro- 
thorax, the latter reminiscent of Nitela. Its 

closest relative appears to be A. similus sp. 
n., from which it differs by having the 
head entirely black and submarginal II tri- 
angular. 

Arpactophilus similus Matthews and 
Naumann, sp. nov. 

(Table 1) 

Type material.—Holotype ¢, 12.515 
132.48E, Kakadu NP, Northern Territory, 

Nourlangie Rock, 16-v-99, R. W. Mat- 
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thews, ex gall of Sphaleractis sp. on Per- 
soonia falcata, Note 260, in ANIC. Paraty- 
pes: 3 22, all same locality as holotype 
(dates and notes are 18-v-99, note 254; 22- 

v-99, note 265; 22-v-99, note 265a). All in 

ANIC. 

Female.—Measurements and ratios as in 

Table 1. Head: Strongly flattened, almost 

prognathous. Vertex and face uniformly 
faintly microreticulate. Occipital carina 

strong laterally, joining hypostomal carina 
ventrally, absent dorsally. Hypostoma 

with widely scattered fine punctures, the 

interspaces microreticulate; gena faintly 
microreticulate, genal carina present, fad- 

ing toward mandibular socket. Antennal 
scrobes shallow, indistinct, sculpture con- 

tinuous with face. Frontal carina fine, low 

and distinct, not extending onto clypeus, 

flanked by 2-4 very fine short carinae on 
either side at level of antennal socket. Cir- 

cumocular groove absent. Postocellar area 

very short, about half of distance between 

lateral ocelli, and broadly concave poste- 

riorly in dorsal view. Clypeus flattened, 
faintly microreticulate, narrowly emargin- 

ate apically. Labrum with six uniformly 
spaced teeth. Mandible evenly curved, bi- 
dentate apically, the outer tooth distinctly 

longer than inner tooth. Antenna: Scape 
and flagellomeres slender; first flagello- 
mere slightly longer than half of pedicel 
and about as long as wide. Scape short, 
not quite reaching mid orbit, length equal 
to pedicel plus first 2 flagellomeres. Me- 
sosoma: Pronotum elongate, flattened, 

much narrower than head and mesoscu- 

tum. Pronotal carina crossing at about half 

of pronotal length, strongly raised, form- 

ing a “‘v’” medially as seen in dorsal view; 
lateral face posterior to carina longitudi- 
nally striate; dorsal face posterior to carina 

rugose changing to longitudinally striate 
along anterior margin of mesoscutum; 

central part anterior to ‘‘v’”’ slightly swol- 
len, microreticulate. Mesoscutum extreme- 

ly flattened, uniformly finely microreticu- 
late, lateral margins along tegulae narrow- 

ly crenulate; parapsidal lines present, in- 
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distinct; notauli absent. Sculpture of 
mesoscutellum and metanotum essentially 

same aS mesonotum; prescutallar sulcus 
narrow and with 7 evenly spaced carinu- 
lae. Mesopleural central area faintly ru- 
gose to microreticulate; episternal sulcus 
curving posteriorly to become continuous 

with hypersternaulus as a relatively deep 
furrow; acetabular carina absent. Propo- 

deum areolate rugose, the interspaces 
faintly microreticulate, the dorsal face 
with 4 somewhat more pronounced 
oblique longitudinal carinae, two lateral, 

two more medial, converging posteriorly; 
posterior face short, about half as long as 
dorsal face, with a medial longitudinal ca- 
rina arising at propodeal insertion, forking 

to form a “y” dorsally, the two arms of 

the fork forming the posterior margin of 
the dorsal face and curving around to 
form a slight tubercle on each lateral mar- 
gin, otherwise microreticulate above to ru- 

gulose below. Forewing: Second submar- 
ginal cell slightly narrowed anteriorly, 
trapezoidal, the anterior veinlet slightly 

longer than the second abscissa of Rs + 
M; first recurrent vein received well into 
submarginal I; M barely evident beyond 
2r-m. Metasoma: Terga 1-6 uniformly 

faintly microreticulate. T6 rounded apical- 
ly with a dense brush of very short whit- 
ish setae along apical margin. S6 with sev- 
eral golden setae distinctly longer than 
any other sternal setae. Color: Body black, 
non-metallic, except clypeus below anten- 

nal sockets orange/red. Antennae, mouth- 

parts, legs (including coxae), and pronotal 

lobes orange/red. Forewing hyaline; ve- 
nation including stigma uniformly straw 
yellow. 
Male.—Unknown. 
Etymology.—The specific name is in ref- 

erence to the close similarity to A. platy- 
cephalus. 

Diagnosis.—This species seems closely 
related to A. platycephalus. It is most read- 
ily distinguished by the orange/red clyp- 
eus and the trapezoidal shape of the sec- 
ond submarginal cell. 

11] 

Arpactophilus flavifrons Matthews and 
Naumann, sp. nov. 

(Figs. 23-29; Table 1) 

Type material.—Holotype 2, 19.095 

146.52E, Arcadia Magnetic Is. QLD, 8-xi- 

98, R. W. Matthews, reared ex burrow in 

Lophostemon grandiflorus, Note 90, in 
ANIC. Paratypes: 2 22,1 ¢ , all same lo- 
cality as holotype (dates and notes are: 28- 

x-98, reared ex burrow in Lophostemon 

-grandiflorus, Note 90; 8-xi-98, ex bamboo; 

14-x11-98, ex bamboo, Note 182), one par- 

atype in Queensland Museum, remainder 

in ANIC. 

Female-—Measurements and ratios as in 

Table 1. Head: Globular. Face irregularly 

longitudinally strigose confused reticulate 
(Fig. 24), with a well-defined but irregular 

longitudinal carina flanking eye inner or- 

bit. Frontal carina straight, low and dis- 
tinct, extending from median ocellus to 

mid clypeus where it forks, the branches 

nearly reaching clypeal free margin. Ver- 
tex (Fig. 26) becoming faintly transversely 

strigose posteriorly. Occipital carina 
strong laterally, evanescent dorsally. Gena 
(Fig. 25) microreticulate; genal carina well 

developed, crenulate. Antennal scrobes 
well defined, microreticulate. Circumocu- 

lar groove narrow and weakly crenulate 
along outer orbits, disappearing at inner 

orbits. Clypeus finely microreticulate, api- 

cally nearly truncate (Fig. 27). Labrum 
broad, truncate apically, lacking teeth. 

Mandible slender, evenly curved, biden- 

tate apically, the outer tooth about twice 
as long as inner tooth. Eyes with scattered 
short hairs (Figs. 24-26). Antenna: Flagel- 

lomeres slender relative to scape; first fla- 

gellomere nearly as long as pedicel and 
twice as long as wide. Scapal length equal 
to pedicel plus first 2 flagellomeres. Me- 

sosoma: Pronotal carina raised (Figs. 28- 

29), distinctly separated from anterior 
margin of mesoscutum by about width of 

first flagellomere, anterolateral margin 

rounded, not strongly angulate, space be- 

tween carina and anterior margin of me- 
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Figs. 23-29. Arpactophilus flavifrons, paratype female. 23, Body, lateral (48x). 24-26, Head, frontal (120), 

lateral (130), and dorsal (120). 27, Lower face, clypeal margin, and labrum (320). 28-29, Mesosoma, dorsal 

(110%) and lateral (100%). 
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soscutum longitudinally striate. Mesoscu- 
tum (Fig. 28) convex, uniformly covered 

with fine setigerous punctures, except lat- 
eral margin along tegula crenulate; par- 

apsidal lines present, somewhat indistinct; 

notauli well defined. Sculpture of meso- 
scutellum and metanotum essentially 
same as mesonotum; prescutellar sulcus 
narrow and with a well defined median 
carina. Mesopleuron (Fig. 29) irregularly 

weakly strigose; hypersternaulus indis- 
tinct, a shallow depression broadening 

posteriorly, and weakly crenulate; acetab- 

ular carina absent. Propodeum uniformly 
areolate rugose (Fig. 28); lateral face lon- 

gitudinally strigose anteriorly, becoming 
areolate rugose dorsally; posterior face 
transversely strigose on either side of a 
median y-shaped carina whose base ex- 
tends to metasomal insertion. Forewing: 
Second submarginal cell narrowed ante- 
riorly, trapezoidal; first recurrent vein in- 

serting on first submarginal cell; second 
abscissa of Rs + M slightly longer than 
anterior veinlet of second submarginal 

cell; M barely evident beyond 2r-m. Me- 
tasoma: Tergites smooth, shining, very 
faint microreticulation laterally on T3-6. 
T6 apically rounded with dense brush of 

short setae. Color: Head black except yel- 
low clypeus and around mandibular sock- 
ets, extending slightly onto gena and 

along lower inner orbit. Mesosoma black, 
except pronotal lobe and anterior margin 
of pronotum cream. Metasoma_ red/or- 
ange, except ovipositor sheaths brown. 
Scape and mouthparts yellow, flagellum 
brown. Legs (including coxae) yellow. 
Forewing hyaline, veins and stigma light 
brown. 

Male.—Identical to @ in size, sculpture, 
and color, except that yellow on head is 
more extensive, reaching to just beyond 
middle of orbit on both gena and frons 
and entire hypostomal area. Pedicel and 
first two flagellomeres are orange/red, re- 
mainder of flagellum becoming dark 
brown. Tarsomere 5 light brown. Genitalia 

not studied. 
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Etymology.—The specific name refers to 

the extensive yellow on the male’s face. 
Diagnosis.—The truncate toothless la- 

brum is distinctive, as is the color pattern 
on the head, the presence of the adorbital 

carina, and the forked frontal carina. Ar- 

pactophilus tricolor has somewhat similar 
facial coloration, but more extensive yel- 
low in the female (male unknown). In A. 

tricolor the metasoma is black, whereas it 

is red in A. flavifrons. Arpactophilus mag- 
neticus is superficially similar with well- 
defined adorbital carinae, and it nests in 
the same place. However, the form of the 
labrum, frontal carina, and pronotal carina 
differ markedly, and the head is entirely 
black. 

Arpactophilus magneticus Matthews and 
Naumann, sp. nov. 

(Figs. 30-36; Table 1) 

Type material.—Holotype 2, 19.095 
146.52E, Arcadia Magnetic Is. QLD, 28-x- 

98, R. W. Matthews, reared ex burrow in 
Lophostemon grandiflorus, Note 85, in 
ANIC. Paratypes: 9 22, 2 dd, all same 

locality as holotype (dates and notes are: 
13-x-98, 16-xi-98, reared ex burrow in Mal- 

lotus phillipensis, Note 2; 15-x-98, 26-x-98, 

ex burrow in Lophostemon grandiflorus, 
Note 76; 24-x-98, ex burrow in Loplhioste- 

mon grandiflorus, Note 85; 3-xii-98, ex bur- 
row in Neolitsia australiensis, Note 170; 6- 

xii-98, ex burrow in Mallotus phillipensis, 
Note 172), two paratypes: in Queensland 

Museum, remainder in ANIC. 

Female.—Measurements and ratios as in 

Table 1. Head: Globular. Face microreti- 
culate becoming weakly transversely 
wrinkled dorsally, with evenly spaced 
short erect hairs, and with a well-defined 

longitudinal carina flanking each inner or- 
bit (Fig. 31). Frontal carina straight, low 

and distinct, not quite reaching median 
ocellus and barely extending onto clypeus. 
Vertex (Fig. 33) becoming faintly trans- 
versely strigose posteriorly. Occipital ca- 
rina strong laterally, evanescent dorsally. 
Gena (Fig. 32) shining, faintly longitudi- 
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Figs. 30-36. Arpactophilus magneticus, paratype female. 30, Body, lateral (30). 31-33, Head, frontal (160%), 

lateral (160%), and dorsal (180). 34, Lower face, clypeal margin, and mandibles (300). 35, Mesosoma, dorsal 

(160). 35, Mesosoma and head, lateral (86%). 



VOLUME 11, NUMBER 1, 2002 

nally strigose; genal carina well devel- 
oped. Antennal scrobes weakly defined, 
smooth to faintly microreticulate. Circu- 

mocular groove very narrow and indis- 

tinct posteriorly, absent anteriorly. Clype- 
us (Fig. 34) smooth, apically broadly 
rounded, with scattered elongate setae, 

twice as long as those on frons. Labrum 
with 4 evenly spaced short teeth (Fig. 34). 

Mandible slender, evenly curved, biden- 

tate apically, the outer tooth about twice 
as long as inner tooth. Antenna: Flagello- 

meres short and stout, more or less quad- 

rate (Fig. 32); first flagellomere nearly half 
as long as pedicel and as wide as long. 
Scapal length equal to pedicel plus first 4 
flagellomeres. Mesosoma: Pronotal carina 

(Fig. 35) low, not especially raised and 
barely separated from anterior margin of 

mesoscutum, anterolateral margin round- 

ed, not at all angulate, laterally the space 
between carina and anterior margin of 

mesoscutum longitudinally striate. Pron- 

otal collar anterior to carina microreticu- 

late. Mesoscutum (Fig. 35) convex, uni- 

formly covered with fine setigerous punc- 
tures, except lateral margin along tegula 

crenulate; parapsidal lines present, some- 
what indistinct; notauli indistinct. Sculp- 

ture of mesoscutellum and metanotum es- 

sentially same as mesonotum; prescutellar 

sulcus narrow with a well-defined median 

carina. Mesopleuron (Fig. 36) dorsally ir- 

regularly wrinkled weak rugose, with fine 
setigerous punctures, becoming microre- 

ticulate centrally; hypersternaulus a weak- 

ly crenulate shallow depression broaden- 
ing posteriorly; acetabular carina absent. 
Propodeum areolate rugose (Fig. 35); lat- 

eral face longitudinally strigose anteriorly, 
the interspaces microreticulate, becoming 
areolate rugose dorsally; posterior face 

transversely strigose on either side of a 

median longitudinal carina. Forewing: Sec- 
ond submarginal cell broad anteriorly, 
nearly quadrate; first recurrent vein in- 
serting on the very end of first submargin- 
al cell, essentially interstitial; M barely ev- 
ident beyond 2r-m. Metasoma: Terga 
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smooth, shining, very faint microreticula- 

tion laterally on T3-6. Color: Head and 

mesosoma black. Metasoma red/orange. 
Antenna, mouthparts, and legs (including 

coxae) red/orange. Forewing hyaline, 

veins and stigma light brown. 

Male.—Similar to female in size, sculp- 

ture, and color, except lower two-thirds of 
face clothed with dense silvery pubes- 
cence and adorbital carina absent. Eyes 
more strongly convergent above, the ratio 
of LFW:UFW 12:7. Fore and middle legs, 

mouthparts and antenna yellow, the last 
flagellomere brown. Genitalia not studied. 

Etymology.—The specific name is in ref- 
erence to the type locality, Magnetic Is- 
land, Queensland. 

Diagnosis.—This species is superficially 
similar to A. flavifrons and nests in the 
same habitat, but differs in several impor- 

tant respects, notably the lack of yellow on 

the lower face and the forewing venation. 

Additionally, the presence of silver facial 

pubescence in the male face is unusual as 

this occurs only rarely in other species 

(e.g., A. kakaduensis) where the male is 

known. 

Distribution.—In addition to the type lo- 

cality, specimens in the ANIC have been 
taken at Mt. Spec, Old., Gordonvale, Old., 

Bald Knob State Forest, NSW, and Otford, 

NSW. 

Arpactophilus kakaduensis Matthews 
and Naumann, sp. nov. 

(Figs 37-41; Table 1) 

Type material.—Holotype ¢@, 12.515 
132.48E, Kakadu NP, Northern Territory, 

Nourlangie Rock, 16-v-99, R. W. Mat- 
thews, ex gall of Sphaleractis sp. on Per- 
soonia falcata, Note 244, in ANIC. Para- 

types: 38 § 2,12 34, all same locality as 

holotype (dates and notes are: 16-v-99, 

note 244, two 2, one 6d; 16-v-99, note 

243a, one @; 16-v-99, note 243b, one @, 

one o; 17-v-99, note 246a, one ¢; 17-v-99, 

note 246b, one @; 17-v-99, note 247, two 

22, one 6; 18-v-99, note 256, 5 2 2; 22-v- 

99, note 266 unassociated with nests, 20 



Figs. 37-42. 
(150). 40, Clypeal margin and labrum (540). 41-42, Mesosoma, dorsal (150) and lateral (94). 

2? 2,5 36; 22-v-99, note 266a, two ¢ ¢ ; 22- 

v-99, note 266b, one 2, one <6; 22-v-99, 

note 266c, one d; 22-v-99, note 266d, one 

2; 22-v-99, note 266e, one 2; 22-v-99, note 

22-v-99, note 266h, one <c), 

all in ANIC, except two in Queensland 

Museum. 

a) Teer 
266¢, one o; 

Female.—Measurements and ratios as in 

Table 1. Head: Globular. Face uniformly 

Arpactophilus kakaduensis, paratype female 
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oly ae) 
37-39, Head, frontal (120), dorsal (160), and lateral 

covered with fine setigerous punctures 
(Figs. 37-38), the setae short and erect. 

Frontal carina straight, low and indistinct, 

extending from below median 

barely onto clypeus, section between an- 
tennal scrobes slightly raised, lamellate, 

with very small but distinct tubercle. Ver- 

tex (Fig. 38) finely punctate 

around ocelli, becoming faintly microreti- 

ocellus 

sparsely 
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culate posteriorly; distance between later- 
al ocelli distinctly greater than distance 
between lateral ocellus and eye; posterior 
margin of vertex concave in dorsal view. 
Occipital carina evident laterally, evanes- 
cent dorsally. Gena (Fig. 39) somewhat 
shining, faintly longitudinally strigose to 
microreticulate; genal carina crenulate, 
well developed posteriorly, fading toward 
mandibular socket. Antennal scrobes deep 
grooves, smooth to faintly microreticulate. 

Circumocular groove very narrow and 
crenulate, disappearing at mid face. Clyp- 
eus (Figs. 37 and 40) smooth, somewhat 

convex and apically broadly truncate, 
with numerous short flattened setae ba- 
sally. Labrum broad with 6 to 8 closely- 
spaced short teeth, and with 6 short stiff 
apical setae (Fig.40). Mandible slender, 

evenly curved, bidentate apically, the out- 
er tooth only slightly longer than inner. 
Antenna: Flagellomeres short and_ stout, 
more or less quadrate (Figs. 38-39); first 
flagellomere nearly half as long as pedicel 
and as wide as long. Scapal length equal 
to pedicel plus first 4 flagellomeres. Last 
flagellomere slightly flattened distally. 
Mesosoma: Pronotal carina (Figs. 41-42) 

low, not at all raised and barely separated 
from anterior margin of mesoscutum, an- 

terolateral margin rounded. Pronotal col- 
lar anterior to carina microreticulate to 

faintly longitudinally strigose. Mesoscu- 
tum (Fig. 41) convex, uniformly covered 

with fine setigerous punctures, except lat- 
eral margin along tegula crenulate; par- 

apsidal lines present, notauli indistinct. 
Sculpture of mesoscutellum and metano- 
tum essentially same as mesonotum; pres- 
cutellar sulcus narrow with a well-defined 
median carina. Mesopleuron (Fig. 42) 

smooth to faintly punctate and clothed 
with short setae; hypersternaulus a nar- 
row crenulate furrow, deepest anteriorly, 
continuous with episternal sulcus and 
ending before mid coxa; acetabular carina 

absent. Propodeum areolate rugose (Fig. 
41), with four somewhat more prominent 
longitudinal carinae converging posteri- 
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orly; lateral face finely longitudinally re- 
ticulate striate, becoming areolate rugose 

dorsally; posterior face irregularly weakly 
reticulate rugose, framed by more promi- 

nent carinae along posterolateral and dor- 

sal margins. Forewing: Second submargin- 
al cell slightly narrowed anteriorly, ap- 
proaching trapezoidal shape; first recur- 

rent vein received at the end of 

submarginal I, second abscissa of Rs + M 
about one-fourth as long as the anterior 

veinlet of submarginal II. Vein M distinct, 

but barely evident beyond 1r-m. Metaso- 

ma: Terga smooth, shining, very faint mi- 
croreticulation laterally on T3-6. T6 with 
well developed transverse brush of dense 

setae apically. Color: Head black except 
apical half of clypeus and area immediate- 
ly surrounding mandibular socket cream 

yellow. Mesosoma predominantly red /or- 
ange, except pronotal collar anterior to ca- 
rina black, and pronotal lobe cream yel- 

low. Metasoma red/orange, the ovipositor 

sheaths black. Scape and mandibular base 

cream yellow, flagellae red/orange. Fore 

and middle legs light yellow; hind legs 

more red/orange. Forewing hyaline, veins 

and stigma light brown. 

Male.—Similar to female in size, sculp- 

ture, and color, except most of face below 

median ocellus clothed with dense silvery 

pubescence. Eyes more strongly conver- 

gent above, the ratio of LFW:UFW 14:9. 

Genitalia not studied. 

Etymology.—The specific name is in ref- 

erence to the type locality, Kakadu Na- 
tional Park, Northern Territory. 

Diagnosis.—The mesosomal coloration is 

distinctive, being predominantly red/or- 

ange with the anterior portion of the pron- 

otum black. There are several unnamed 

species in ANIC with the mesosoma pre- 

dominantly red/orange, with some areas 

black, but A. kakaduensis is the only one to 

have black the 

pronotum. Arpactophilus ruficollis has the 
pronotum red and the mesonotum black. 

Additionally, the silver pubescence on the 

extensive restricted to 
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male face of A. kakaduensis is distinctive, 

similar to that of A. magneticus. 

Arpactophilus transversus Matthews and 
Naumann, sp. nov. 

(Figs 43-50; Table 1) 

Type material.—Holotype 2, 12.255 
132.57E, Obiri Rock, Kakadu NP, N. Ter- 

ritory;, 21-x1-1979,. J.D. Natimann,. 1m 

ANIC. Paratypes: 2 ° 2, same data as ho- 
lotype, one 2 N. Territory, Kakadu NP, L. 
Nourlangie Rock, 6-11-vi-1984, R. W. Mat- 

thews, all in ANIC. 

Female.—Measurements and ratios as in 
Table 1. Head: Elongate, eyes strongly con- 
vergent dorsally. Face longitudinally stri- 
ate (Fig. 43), lower two-thirds clothed with 

dense short silver gray setae. Frontal ca- 
rina distinct, section between antennal 

scrobes slightly raised, lamellate, fading as 

it reaches clypeus. Postocellar area long 
(Fig. 44), VOL about 4x greater than OOL, 
microreticulate, grading to transversely 

microreticulate posteriorly; distance be- 
tween lateral ocelli distinctly less than dis- 
tance between lateral ocellus and eye. Oc- 
cipital carina incomplete dorsally. Gena 
(Fig. 45) longitudinally striate; genal cari- 
na absent. Antennal scrobes deep grooves, 
transversely finely striate. Circumocular 
groove present along outer orbit, disap- 
pearing dorsally, then reappearing along 
the upper third of inner orbit. Clypeus 
(Fig. 46) broadly rounded apically and 
notched medially. Labrum with four even- 
ly spaced teeth, lateral ones slightly 
broader and more rounded than medial 
ones. Mandible slender, evenly curved, bi- 

dentate apically, outer tooth only slightly 
longer than inner. Antenna: First flagel- 
lomere distinctly longer than pedicel (Fig. 

43). Length of scape equal to pedicel plus 
first 4 flagellomeres. Mesosoma: Pronotal 
carina (Figs. 47-48) strongly raised, well 

separated from anterior margin of meso- 
scutum, lateral portion slightly curved an- 
teriorly; anterolateral margin erect, sharp- 
ly angulate. Mesoscutum (Fig. 48) convex, 

transversely coarsely strigose, lateral mar- 
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gins crenulate; parapsidal lines distinct 
short grooves, notauli present but indis- 

tinct. Mesoscutellum and metanotum 

nearly smooth to sparsely punctate, inter- 
spaces microreticulate. Prescutellar sulcus 

with 5 evenly spaced longitudinal carinae. 
Mesopleuron (Fig. 49) irregularly oblique- 
ly strigose, hypoepimeral area broadly ex- 
cavated with 4 oblique carinae; hyperster- 

naulus continuous with episternaulus, 

forming a broad deep areolate furrow 
whose sculpture is continuous with sur- 

rounding area; acetabular carina present. 

Propodeum areolate rugose (Fig.48); lat- 
eral face obliquely striate; posterior face 
(Fig. 50) with inverted triangular smooth 
area medio-dorsally, remainder irregular- 
ly transversely rugulose. Forewing. Second 
submarginal cell strongly narrowed ante- 

riorly, nearly triangular; first recurrent 

vein received by submarginal I, second 
abscissa of Rs + M about equal to anterior 

veinlet of submarginal II. Vein M absent 
beyond 2r-m. Metasoma: T1 with sparse 
small setigerous punctures, except on bas- 

al half, otherwise shining, smooth; T2 cov- 

ered with similar punctures over other- 

wise smooth, shining distal two-thirds, 

basal one-third uniformly microreticulate 

expanding to include most of lateral area; 

T3-6 microreticulate, strongest on T3. T6 

more or less smooth,with scattered dis- 

tinct punctures, a brush of short setae at 

apex. S6 with a row of 4 distinctly longer, 
erect setae on either side of midline to- 

wards apex. Color: Body black except 
pronotal lobes lighter brown yellow. 
Scape and mandible (except teeth) yellow, 
flagellum red/orange. Legs yellow, except 
coxae somewhat more orange. Forewing 
hyaline, veins and stigma very light 
brown. 

Male.—Unknown. 

Etymology.—The specific name refers to 
the transverse sculpture of mesoscutum. 

Diagnosis.—In general facies this species 
resembles A. termes, and nests in a similar 

habitat. It differs in the more elongate 
head shape behind the orbits, the strongly 
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2x) Figs. 43-50. Arpactophilus transversus, paratype female. 43-45, Head, frontal (54%), dorsal (72 

(60x). 46, Lower face, clypeal margin, and labrum (240%). 47, Pronotum, dorsal (72). 48-49, Mesosoma, 

dorsal (48%) and lateral (48x). 50, Propodeum, posterior face (150%) 

_ and lateral 



120 

convergent eyes dorsally, striate gena, and 
transversely strigose mesonotum. It is the 
only species known to us to have predom- 
inantly transversely oriented mesoscutal 
sculpturing.The dense silver gray facial 
pubescence in females is also distinctive. 
This species was referred to as Arpactophi- 
lus sp. 48 in Naumann (1983). 

Arpactophilus termes Matthews and 
Naumann, sp. nov. 

(Figs. 51-58; Table 1) 

Type material.—Holotype 2; -12:515 
132.48E, Kakadu NP, Northern Territory, 

Nourlangie Rock, 17-v-99, R. W. Mat- 

thews, ex old termite gallery, Note 245, in 

ANIC. Paratypes: 13 22,5 dd, all same 

data as holotype, all in ANIC. 
Female.—Measurements and ratios as in 

Table 1. Head: Globular. Face rugose retic- 
ulate (Fig. 52), interspaces finely microre- 

ticulate, with more predominant longitu- 
dinal lateral carina more or less parallel to 

circumocular groove. Frontal carina dis- 
tinct, section between antennal scrobes 

slightly raised, lamellate, fading as it 

reaches clypeus.Vertex (Fig. 53) coarsely 

rugose reticulate grading to transversely 
microreticulate posteriorly; distance be- 
tween lateral ocelli subequal to distance 
between lateral ocellus and eye. Occipital 
carina complete, somewhat weaker dor- 

sally. Gena (Fig. 54) irrigularly strigose re- 
ticulate along carina, the interspaces mi- 
croreticulate, becoming predominantly 
microreticulate along = circumocular 

eroove; genal carina welldeveloped dis- 
tinctly crenulate, fading toward mandib- 

ular socket. Antennal scrobes deep 
grooves, transversely striate. Circumocu- 
lar groove complete, well defined, deep, 

and crenulate. Clypeus (Fig. 55) somewhat 

convex and flattened medially, microreti- 
culate, broadly emarginate apically, the 
margin serrated. Mandible slender, evenly 

curved, bidentate apically, the outer tooth 

only slightly longer than inner. Antenna: 
Flagellomeres short and stout, more or 

less quadrate (Figs. 52 and 54); first fla- 
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gellomere subequal to pedicel. Scape 
length equal to pedicel plus first 4 flagel- 
lomeres. Mesosoma: Pronotal carina (Figs. 

53 and 57) strongly raised, well separated 
from anterior margin of mesoscutum; an- 
terolateral margin sharply angulate; pos- 

terior face deeply costulate. Mesoscutum 
(Fig. 57) convex, coarsely rugose reticu- 
late, interspaces microreticulate, lateral 
margin crenulate; parapsidal lines deep 
short grooves; notauli indistinct. Mesos- 
cutellum and metanotum with several 
coarse punctures, interspaces microreti- 

culate. Mesopleuron (Fig. 56) irregularly 
rugose reticulate below microreticulate 
hypoepimeral area. Hypersternaulus con- 
tinuous with episternaulus, their coarsely 
crenulate sculpture intergrading with re- 
mainder of mesopleuron; acetabular cari- 

na present. Propodeum areolate rugose, 
the interspaces microreticulate (Fig. 57), 

with 4 somewhat more prominent longi- 
tudinal carinae converging posteriorly; 

lateral face obliquely striate, interspaces 
finely microreticulate, becoming areolate 

rugose dorsally; posterior face (Fig. 58) 
weakly irregularly reticulate rugose, 
framed by more prominent carinae along 
dorsal and lateral margins. Forewing: Sec- 
ond submarginal cell strongly narrowed 
anteriorly, approaching triangular; first re- 

current vein received by submarginal I, 
second abscissa of Rs + M nearly as long 
as anterior veinlet of submarginal II; vein 
M absent beyond 2r-m. Metasoma: T1 
sparsely covered with small setigerous 
punctures, except on anterior medial area, 

otherwise shining, smooth; T2 sparsely 
covered with similar punctures over oth- 
erwise smooth, shining distal two-thirds, 

the basal one-third uniformly microreti- 
culate extending to include most of lateral 
area; T3-6 uniformly microreticulate, 

strongest on T3. T6 more or less smooth 

with scattered distinct punctures, a brush 
of short setae at apex. Color: Body black 
except pronotal lobes light brown yellow. 
Scape and mandible (except teeth) yellow, 
flagellum red/orange. Legs yellow, except 
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Figs. 51-58. Arpactophilus termes, paratype female. 51, Body, lateral (48%). 52-54, Head, frontal (86), dorsal 

(150), and lateral (110). 55, Lower face, clypeal margin (200). 56-57. Mesosoma, lateral (86) and dorsal 

(110). 58, Propodeum, posterior face (200%). 
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fore coxa mostly infused with brown/ 

black. Forewing hyaline, veins and stigma 
light brown. 

Male.—Similar to female in size, sculp- 

ture, and color, except that face below me- 

dian ocellus clothed with dense golden 

pubescence. Clypeal free margin not ser- 
rate and only shallowly emarginate. Ped- 

icel much narrower than first flagellomere; 
flagellum densely clothed with very short 

setae. Genitalia not studied. 

Etymology.—The specific name refers to 
nests being found in old termite galleries. 

Diagnosis.—The complete occipital cari- 

na, complete circumocular groove, rugose 

reticulate face, presence of the acetabular 

carina, strongly raised angulate pronotal 
carina, and serrated emarginate clypeus 
free margin distinguish this species. It is 

similar to A. reticulatus in the coarse sculp- 
ture of head and thorax, but in A. reticu- 

latus the pedicel is nearly 2< as long as 
the first flagellomere, and the clypeal free 
margin is smooth. Males possess golden 
facial pubescence similar to that of A. re- 

ticulatus males. 

Arpactophilus hursti Matthews and 
Naumann, sp. nov. 

(Figs 59-66; Table 1) 

Type material—Holotype ?, Lake Gilles 
Conservation Park, South Australia, 29-v- 

1994, Pam Hurst, ex burrow in Acacia pa- 

pyrocarpa, note C-11, in ANIC. Paratypes: 
722,244 all same locality as holotype 

(dates and notes are 29-v-1994, ex burrow 

in Acacia papyrocarpa, note C-11, 23-vi- 
1994, ex burrow in Heterodendron, 14-vii- 

1994 in Western Myall, #E-1); one 2 25.225 

151.07 E, Eidsvold, Old., 11-x-1984, I. Nau- 

mann, J. Cardale, ex ethanol, all in ANIC. 

Female-—Measurements and ratios as in 

Table 1. Head: Globular. Vertex and face 

irregularly rugose (Figs. 60, 61). Frons lat- 
eral to scapes clothed with short dense 
flattened silvery setae. Occipital carina 

(Fig. 61) strong laterally, nearly complete 

dorsally. Gena (Fig. 62) irregularly rugose, 
lacking a distinct genal carina. Antennal 
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scrobes narrow well-defined grooves, dis- 
tinctly transversely striate to microreticu- 
late. Frontal carina strongly raised above 
clypeus between scapes, lamellate, slightly 

thickened dorsally, and rounded in pro- 
file, extending onto about 1/2 length of 
clypeus. Circumocular groove (Figs. 61, 
62) narrow, crenulate, continuous along 
outer, dorsal, and inner orbits. Clypeus 

roundly protuberant, apically emarginate 
(Fig. 63). Labrum with four teeth, outer 

ones barely evident, inner teeth much lon- 
ger and somewhat pointed. Mandible 
evenly curved, bidentate apically, outer 

tooth about 2* as long as inner tooth, in- 

ner tooth relatively broad and blunt api- 
cally. Antenna: Scape and flagellomeres 
stout; first flagellomere subequal to pedi- 
cel and only slightly longer than wide. 
Scape length equal to pedicel plus first 4 
flagellomeres. Mesosoma: Pronotal carina 

strongly raised, lamellate (Fig. 64), dis- 

tinctly separated from anterior margin of 
mesoscutum with sharply angulate an- 

terolateral margin; anterior face shining to 

transversely microreticulate. Mesoscutum 

(Fig. 64) convex, irregularly transversely 

rugulose over anterior third, becoming 

coarsely punctate on lateral portions, in- 
terspaces and central area predominantly 
microreticulate, finely rugose along pos- 
terior portion, lateral margins costulate; 

parapsidal lines and notauli distinct. Me- 
soscutellum microreticulate with sparse 
shallow punctures, prescutellar sulcus 

narrow with about 10 evenly spaced lon- 
gitudinal carinae. Metanotum longitudi- 
nally strigose. Mesopleuron (Fig. 65) irreg- 
ularly rugose, becoming obliquely strigose 
posteriorly, the interspaces microreticula- 

te; hypersternaulus indistinct. Acetabular 
carina present. Metapleuron clothed with 
short hairs, obscuring microsculpture. 
Propodeal dorsum areolate rugose (Fig. 
64), lateral face irregularly rugose grading 
to obliquely strigose, posterior face (Fig. 

66) irregularly rugose, lacking tubercles 
on lateral margins. Forewing: Second sub- 
marginal cell narrowed anteriorly, nearly 
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Figs. 59-66. Arpactophilus hursti, paratype female. 59, Body, lateral (20). 60-62, Head, frontal (86%), dorsal 

(86), and lateral (55). 63, Lower face, cly peal margin and mandible (180). 64, Mesosoma and head, dorsal 

(54). 65, Mesosoma, lateral (43). 66, Propodeum, posterior face (65%) 
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triangular; first recurrent vein received in 

submarginal I well proximal to bifurcation 
of Rs + M by a length distinctly greater 
than the anterior veinlet of submarginal I]; 
M absent beyond 2r-m. Metasoma: Terga 1 
and 2 smooth, shining, with widely scat- 
tered setigerous punctures. T2—5 uniform- 
ly faintly transversely microreticulate with 
scattered setae. T6 more densely setose, 
apically truncate with apical brush of 
short setae. Color: Head and mesosoma 
black, non-metallic, except clypeal margin 

red/orange. Metasoma, antenna, and legs 
(except coxae) orange/red. Mandible red/ 

orange over basal third, distally amber 

brown. Fore coxa black, mid and hind 

coxa basally black, becoming increasingly 
suffused with red/orange distally. Fore- 
wing hyaline, venation and stigma light 
brown. 

Male.—Identical to female in size, sculp- 

ture, and color, except frons (but not clyp- 
eus) completely covered with flat golden 
setae. 

Etymology.—This species is named for 

its collector, Pam Hurst. 
Diagnosis.—This species belongs to a 

group of relatively robust species appar- 
ently related to A. bicolor, and character- 
ized by having metasoma red/orange and 
relatively rugose or coarsely punctate 
sculpture on mesonotum and head. The 
red/orange clypeal free margin, blade- 
like, strongly angulate pronotal carina, 
and absence of hypersternaulus readily 
separate this species from others in this 
group. 

NOTES ON PREVIOUSLY 

DESCRIBED SPECIES 

Arpactophilus steindachnert Kohl. — Kohl 
(1884) gives no explicit indication that he 
based his original description on more 
than one specimen, but he does give a 
range (“’71/2-8 mm’) for the body length. 
There are two females of A. sfeindachneri 
in the Naturhistorisches Museum, Wien 

which bear identical labels except that one 
bears the word “type” in Kohl’s hand 
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writing. A rectangular, red label without 
data is also affixed to this specimen. Both 
females agree with Kohl’s description and 
both are within the originally given range 

for body length. Thus, it seems likely that 
Kohl had both specimens before him. Ac- 
cordingly, the specimen labeled “type” by 
Kohl is hereby designated as lectotype, 

and the second specimen, as paralecto- 

type. 

The type locality given by Kohl (1884) 

is ‘Australia’. The provenance labels on 

the type specimens are equally imprecise. 
However, in the original description, Kohl 

gives Edward Damel (c. 1821-1900) as the 

collector. Damel made several collecting 

trips to Australia between 1852 and 1875, 
and some of his material was sold widely 
in Europe through Georg Thorey (1790- 

1884), a Hamburg insect dealer (Horn et 

al. 1990, p. 392). The latter explains the ap- 
pearance of Thorey’s name on the prove- 
nance labels of the A. steindachneri type 

material. Prior to 1864, Damel collected in 

Sydney (1852-1858), Western Australia 

(1859), and at Port Curtis, Queensland 

(1860) (Musgrave 1932, p. 60). Arpactophi- 

lus steindachnert has since been collected 

from several coastal or near coastal local- 

ities in north-eastern Australia, but is not 

known elsewhere. Presumably the type 
material of A. steindachneri was collected 

during Damel’s Port Curtis sojourn which 
would place the type locality somewhere 

near present-day Gladstone. 
Arpactophilus bicolor Smith.—In the orig- 

inal description of A. bicolor, Smith (1864) 

states, ‘““The male differs in having the 

scape white in front.” The female bearing 
the type label is thus a syntype. 

BIOLOGY 

Biological details for each of the nine 
newly described species plus A. reticulatus 
(Turner) follow. All nests were collected 

during the day, which means that some 
associated nest adults were probably ab- 
sent at the time of collection. Voucher 
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nests for each species are deposited in the 
ANIC. 

Arpactophilus similus.—Four nests of this 
flat-headed species were found, all in 
green, recently vacated galls of Sphaleractis 
parasitica Meyrick (Lepidoptera: Gelichi- 

idae) on the geebung, Persoonia falcata 

(Proteaceae) at Kakadu NP, N.T. on 18-22 

May 1999. Each nest contained a single fe- 
male wasp. This, plus the nest architec- 
ture, suggests that this species is strictly 
solitary. In one nest, the two cells were in 

linear series in a tunnel whose diameter 

was 2 mm, and afforded no opportunity 
for movement between the wall and the 
cells. Cell one, 3.5 mm long, contained a 
prepupa, essentially naked with no evi- 
dent cell lining. The cell partition was a 
tan “leathery” parchment-like material, 

and difficult to tear. The second cell (also 

3.5 mm long) contained a mature larva, 

but no prey. The partition was a flimsy 

silken curtain. We suspect that the leath- 

ery appearance of the partition derived 
from fluids added to the silken curtain by 
the mature larva when it transformed to 
the prepupa. 

A second nest was recently initiated, 
and contained a single egg suspended in 
a mesh of silken threads 2 mm from the 
base of a 22 mm long burrow; there was 
a flimsy silk curtain 2 mm further beyond 
it. The only other silk was a 1 mm mesh- 
work of threads just inside the nest en- 
trance 

A third nest contained a teneral female, 

newly emerged from a single cell occu- 
pying the burrow 4-7 mm inside the en- 

trance. Behind the cell the empty and un- 
lined burrow extended another 20 mm. 

The outer partition to this cell was parch- 
ment-like, opaque brown and taut. The in- 
ner partition was a semitransparent ma- 

trix consisting of crisscrossed silken 
threads. 

The fourth nest contained a single fe- 

male wasp, but had no trace of any silk or 
brood, evidently having been only recent- 
ly occupied. 

Arpactophilus platycephalus—Two nests 
of this flat-headed species were found on 

Magnetic Island, Qld. on 8 Nov. 1998. 

Both were in recently vacated green galls 
made by Sphaleractis sp. on Persoonia fal- 

cata. The first nest burrow was 23 mm 

long, with the basal 3 mm empty. It con- 

tained three cells in a linear series, with a 

single female resting in the burrow. The 
basal cell was 4.5 mm long and contained 
anew pink-eyed pupa in a delicate tan pa- 
pery cocoon 3.5 mm long. Cell 2, also 4.5 
mm long, contained a prepupa ina similar 
delicate cocoon. Cell 3 contained a small 
larva suspended in a few silken strands 
feeding on unrecognizable prey remains, 
with a single intact psyllid nymph also 
suspended in silken strands next to it. No 
silk was evident along the outer part of 
the burrow. The pupa of cell 1 desiccated, 
but the prepupa of cell 2 produced a fe- 
male on 27 November. 

The second nest collected at the same 
site held a female resting in front of a silk 
partition that completed the single cell at 
the base of the 30 mm long burrow. The 
cell was 4.5 mm long, and began 1.7 mm 
from the bottom, and contained a full- 

grown predefecating larva that was spin- 
ning its cocoon. It pupated 8 days later, 
and a female emerged after a further 11] 
days. The remainder of the nest burrow 
was empty, with no evidence of silk lin- 

ing. 

Both A. platycephalus and A. similus ap- 

pear to be strictly solitary species that in- 
vade newly available galls of Sphaleractis 
on Persoonia falcata. They are relatively 
rare, compa red to congeneric species nest- 

ing in the same galls at the same sites. For 

example, of 124 galls collected from a sin- 

gle tree of P. falcata at Kakadu NP, only 2 

contained A. similus nests, while 20 con- 

tained nests of A. kakaduensis (see below). 

Arpactophilus transversus.—Two species, 

A. transversus and A. termes, nest in aban- 

doned termite galleries, both taken in Kak- 

adu NP, NT. Arpactophilus transversus lines 

old termite galleries on rock surfaces with 



126 

silk. Because of the fragile nature of the 
nest material, nest details are unknown, 

but it may be a solitary species. Naumann 
(1983) recorded A. transversus as Arpacto- 

philus sp. 48. In June 1984 we collected two 
additional females from termite galleries 
at the same locality. Two of three prey re- 
moved from their nests were psyllid 
nymphs of the lerp forming type, proba- 
bly taken from Eucalyptus (det. K. L. Tay- 
lor, in litt.). The other prey was a cicadellid 

nymph tentatively identified as belonging 
to the subfamily Ulopinae (det. T. E. 

Woodward, in litt.). This is the only Ar- 

pactophilus species for which Cicadellidae 
are known as prey. Curiously, in May 
1999, extensive searching of termite galler- 
ies on the same rock faces collected from 

in 1984 failed to turn up any nests of this 
species. 

Arpactophilus termes.—This species is 
known from a single large nest collected 

at Kakadu NP, NT, that contained 14 fe- 

males and five males. This nest was in a 

depression on a nearly vertical rock face 
about 1.5 m above the ground. The nest 
surface measured roughly 20 by 60 mm, 
but was irregular in shape and variable in 
depth to a maximum of about 10 mm and 
was inside and completely covered by ter- 
mite gallery. There appeared to be two en- 

trances about 40 mm apart. Less than 1 cm 
from one edge of the gallery was a mud 
cell of Sceliphron formosum (F. Smith) that 

contained a nest of A. mimi with three fe- 
males. 

The termite gallery material was so 

fragile that it disintegrated during collec- 
tion. Apparently there were several inter- 
connected passageways that led to differ- 
ent parts of the nest, but definite structure 

could not be determined. In all, 33 silken 

cells were recovered, of which 14 con- 

tained progeny in various stages of devel- 
opment—five pupae, three prepupae, and 
six larvae of various sizes. Other cells 

were empty, and no eggs or prey were re- 
covered. However, part of the nest con- 
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tents were spilled in the field, with an es- 

timated 10-12 cells lost. 

Cells were found in clusters of one to 
five, tightly stuck to each other and to the 
nest material with silk. Extensive areas in- 

side the termite gallery were lined with 
white silk and in some areas there were 
numerous white specks, presumed to be 
adult defecation. Mature larvae were en- 

closed in light tan silk cocoons, quite 
strong, although they could be readily 
torn with forceps. 

If we assume that this was a single nest, 
then A. termes has by far the largest nests 
of any known species. In part this may re- 
flect the fact that termite gallery is often 
extensive, potentially offering significantly 
more space for nesting than does a beetle 
burrow, mud wasp cell, or lepidopteran 
gall, all of which are of limited size. 

Arpactophilus deakinus.—Three nests of 

this species were collected 24 January to 6 
February, 1999 in the Canberra suburb of 

Deakin, ACT. Two nests were in stems of 
an ornamental azalea hedge planting, and 

the other in a pithy stem of Hydrangea. 
Both azalea and Hydrangea are exotic 
plants to Australia. The stems were 6-8 
mm in diameter. All of the burrows were 
relatively short (27 mm, 23 mm, and 22 
mm), 2.5-3.5 mm in diameter, and all 

were heavily lined with white silk. The 
two nests in azalea were in stems that had 
been previously used by other nesting hy- 
menopterans; one was unidentifiable, but 

the other basal nest was that of Nitela aus- 
traliensis Schulz (Matthews 2000b). This 

nest had three A. deakinus females present, 
and contained two cells, the basal one 

with a mature larva, and the second with 

a new egg (Fig. 67). 

The other azalea nest contained four 
cells and three adult females. The basal 
cell contained a pupa with pink eyes, the 
second cell contained a new white pupa, 
the third cell a nearly mature larva with a 
partly consumed unidentified prey, and 
the fourth cell contained an egg. Cell 
lengths were 5-8 mm. Partitions were of 
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Figs. 67-72. Nests of Arpactophilus species. 67, Cell of A. deakinus in azalea stem containing an egg suspended 

in extensive silk matrix, part of which is laid back to better expose the egg. Egg measures 1.4 * 0.4 mm. Scale 

units are mm. 68, A beetle tunnel in a dead branch of Acacia papyrocarpa used as a nest by Arpactophilus hursti. 

One female emerged from cell in base closed by a leathery silk partition. 69, New nest of A. magneticus in 

beetle burrow in a small branch of Mallotus phillipensis (red kamulla) containing a single cell at end of lower 
/ right fork. The only silk was at the end of the burrow and a ‘‘curtain” across the burrow at the fork. Nest 

entrance at lower left. Burrow length 11 mm from entrance to end of lower right cell, and burrow diameter 

about 1 mm. 70, A naked pupa of A. flavifrons in a hollow 5 mm diameter stem of Lophostemon grandiflorus. 

Scale units are mm. 71, Nest of A. kakaduensis containing six cells in an old gall of Sphaleractis parasitica on 

Persoonia falcata. Note the silk enclosed pupal cells at the left (one partially torn open) and the extensive silk 

lining in the middle portion of nest burrow which measured 22 < 3 mm. Entrance at lower right. 72, A 

prepupa of A. reticulatus in bamboo. Scale units are mm. 

flimsy silk, probably constructed or at The pupa in cell one was damaged when 
least reinforced by the mature larva, and the nest was split open, but the progeny 

pupae were naked. The white sausage- in cells two and three later emerged as 
shaped egg was suspended transversely adult females. The pupal stage took 21 

across the burrow in a silk mesh (Fig. 67). days. 
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The third nest (in Hydrangea) contained 
two females, but no brood, and it ap- 

peared that one or both of the females was 
recently emerged from the nest. Thus 
there are at least two and perhaps three 
generations per year in Canberra. Because 

each of the three nests found contained 

more than one female, A. deakinus appears 
to be a cooperative nester, although its 

precise social status is unclear. 
Arpactophilus hursti—Figure 68 shows 

the empty nest of A. /iursti in a short, old 

beetle burrow found in a small, dead 

branch of Acacia papyrocarpa. Three nests 
in similar branches were collected by Pam 

Hurst from the Lake Gilles Conservation 

Park in South Australia in May-June 1994, 

and another was found ina old beetle bur- 

row in Heterodendron sp. The longest of 
these had a burrow 115 mm long and 4 

mm diameter. No notes were made at the 

time of collection, the nests only being 
opened after the wasps were found 
emerged, and so no interior structure was 

identifiable. 

Arpactophilus magneticus.—Seven nests 

of this diminutive species were discovered 
on Magnetic Island, Old. between 16 Sep- 
tember 1998 and 6 December 1998. All 

were in old convoluted beetle burrows in 

slender (7-10 mm in diameter) recently 

dead branches of various trees. Current 

beetle activity was noted adjacent to some 
nests, which suggests that none of the 
nests was more than a few weeks old. The 

trees were red kamulla Mallotus phillipen- 
sis (Lam.) Muell.Ang (Euphorbiaceae), 

northern swamp mahogany Lopliostemon 
grandiflorus (Benth.) (Myrtaceae), and Neo- 

litsea australiensis Kostermans (Lauraceae). 

The number of cells per nest ranged from 

one to five; however, both of the nests 

found in December contained single cells 
with small larvae (Fig. 69), and their bur- 

rows lacked silk lining, suggesting that 

they were recently initiated, probably by 
solitary females. 

One nest in Lophostemon contained two 
females and one male. Two nests in adja- 
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cent beetle burrows in another small 

branch of Lophostemon contained six 
adults, four females and one male (one 

adult escaped). Two nests in beetle bur- 
rows about 5 cm apart on a single branch 
of Mallotus contained one and two females 

respectively. Another nest in Mallotus con- 

tained a single female. The nest in Neolit- 

sea contained a single male. 
The beetle burrows varied from 1 to 3 

mm in diameter, and some presented an 

oval cross section, which permitted resi- 

dent adults to move freely alongside oc- 

cupied cells. Unused parts of the beetle 
burrows were packed with frass. In some 

the wasps walled off distal sections of the 
frass-filled burrows, lining the cleaned 

portions with silk. Also, in some, the bee- 

tle tunnels extended in opposite directions 

from their exit hole (the nest entrance), 

and in these instances the wasps used 
both tunnel branches, arranging the cells 

in linear fashion. Immature stages in a 

given nest were all at distinctly different 

stages of development and there was nev- 
er more than one egg in a nest. The cylin- 
drical, white egg measured 0.85 < 0.4 mm 

and was suspended in silk mesh, occu- 
pying about 1mm of burrow with a flimsy 
silk “curtain” at the outer end. Completed 

cells were 4-7 mm long and separated 

with silk partitions. Pupae were in flimsy, 

translucent, silken cocoons, which were 

easily torn. Only one prey was recovered, 
an unidentified, immature psyllid found 

next to a small larva. 

Older nest burrows (those with 3-5 

cells) were extensively lined with silk. In 

one instance it was discovered that the silk 

was quite elastic. Several strands were 

grasped with forceps and_ stretched to 
more than twice their original length; 
when released they recoiled into wavy 
strands about half as long. 

Males of this species are distinctive in 

possessing dense, silvery pubescence over 
the lower two-thirds of the face. This pu- 
bescence is postulated to be related to sex 

recognition and courtship. 
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Arpactophilus flavifrons.—One nest was 
found in an old beetle burrow in a slender 

twig (5 mm in diameter) of the northern 

swamp mahogany, Lophostemon grandiflo- 
rus (Myrtaceae) on Magnetic Island, Old. 

on 28 October 1998. The 1.5—2 mm diam- 

eter burrow extended in both directions 

from the single entrance, 28 mm to the left 

side, and 49 mm to the opposite. One cell 

3 mm long and containing a late pupa was 
at the base of the shorter left branch; this 

pupa dried out. The longer branch of the 
burrow contained three cells, ranging 
from 4.5-13.5 mm long. There was empty 
tunnel for 21 mm from the distal partition 

of the outermost cell to the nest entrance. 

The three cells contained a newly eclosed 

female, an adult male, and a naked pupa 
(Fig. 70) that emerged as an adult female 

11 days later. The entire unused sections 
of burrow on both sides of the entrance 

were silk lined. Additional evidence that 

this nest was relatively old was that be- 

yond the active three cells was an old 
moldy Arpactophilus thorax, sealed behind 
a silk partition. 

A second incipient nest was found in a 

slender node of bamboo on Magnetic Is- 

land on 14 December 1998. The nest bur- 

row was 57 mm long and 1.5 mm in di- 

ameter. There was a single empty cell 5.5 
mm long at the bottom of the burrow, and 

one female wasp was resting in the bur- 
row. 

Arpactophilus kakaduensis.—Found only 
in Kakadu NP, NT, and predominantly 
nesting in empty woody galls of Sphialer- 
actis parasitica on Persoonia falcata (Protea- 

ceae), this wasp was relatively common. 
From one tree 20 nests were obtained from 

a sample of 124 old (prior year) woody 

galls. Most of the other galls were unoc- 
cupied, so that lack of potential nest sites 

did not appear to limit populations. Two 
nests were found in smaller, unidentified 

galls (9-12 mm long and 2-3 mm in di- 
ameter) on an unidentified tree. 

Twenty-four nests collected 20-24 May 
1999 contained up to 5 adult females and 
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up to 10 cells (average of 3.4 cells/nest). 

Burrows of nests in P. falcata galls were 

from 12-30 mm long and 2-4 mm indi- 

ameter. Pupae were enclosed in flexible, 

soft, white, silken cocoons, easily torn 

with forceps (Fig. 71). Cells were usually 
clustered in the basal section of the gall. 
Most of the nest interiors were extensively 
silk-lined, especially in older nests with 
more than two cells, and cells were sepa- 

rated with silk partitions. Summarized 
brood contents of 69 occupied cells con- 
sisted of 6 eggs, 20 larvae, 11 prepupae, 
and 32 pupae. In the largest nest contain- 
ing 10 cells and 5 females, two eggs were 
present, suggesting that two or more fe- 

males may have been ovipositing. 
In the plastic bag used to transport the 

Persoonia galls to the laboratory, two male 
Megalyra sp. (Megalyridae) were discov- 
ered. Because another species of Megalyra, 

M. troglodytes Naumann, is recorded as a 
parasite of A. mimi from the same locality 
(Matthews and Naumann 1988), we sus- 

pect that this apparently undescribed spe- 
cies may attack A. kakaduensis. However, 
no direct evidence of parasitism was 
found in the nests sampled, but these two 
individuals must have been inside one or 
two galls when the sample was collected. 
The specimens are deposited in the ANIC. 

Arpactophilus reticulatus.—This species is 
widely distributed across northern Aus- 
tralia from the Kimberley Region, W.A. to 
Kuranda, Old. in the east. Based on our 

observations, A. reticulatus is the most 

catholic of any of the known species in its 
choice of nest sites. We found 14 nests in 
pre-existing cavities in five species of 
plants and in diverse habitats from bush- 

land to urban yards. 
Thirteen nests were collected on Mag- 

netic Island, Qld., and one on the campus 

of James Cook University, Townsville, 
Old. between 17 September and 6 Decem- 
ber 1998. Six nests were found in inter- 
nodal sections of bamboo (Fig. 72). Four 
of these were constructed in the outer por- 
tion, with debris from prior hymenopter- 
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an nests walled off in the basal portions. 
Four nests were found in woody galls of 
Sphaleractis sp. on Persoonia falcata (Protea- 
ceae). The other nests were in old beetle 

burrows in slender dead branches on 
three trees: northern swamp mahogany, 
Lophostemon grandiflorus (Myrtaceae) (one 
nest); the native mulberry, Pipterus argen- 
teus (G. Gorster) Wedd. (Urticaceae) (2 

nests); and the Brazilian pepper tree, 
Schinus  terebinthifolius Raddi (Anacardi- 
aceae) (one nest). The latter was found on 

the JCU campus. 
Nest tunnels were 1.5-3.0 mm in di- 

ameter, and varied in length from 13-97 

mm. The amount of silk lining of the bur- 
rows varied from extensive in Persoonia 
galls to little in bamboo stems. Eight nests 
contained no adults when collected, five 
contained single females, and one con- 
tained two females. Curiously, this latter 
nest was only recently initiated, contain- 
ing a single cell with an egg (1.4 x 0.5 
mm) suspended in silk mesh. With this 

possible exception, it appears that A. reti- 
culatus is essentially a solitary wasp. 
Number of cells ranged from 1—5/nest 

(average 2.5). Cell lengths varied widely, 

but cells with pupae or prepupae were 
4.5-6.5 mm long with the pupae in flimsy 
cocoons. Silk spun by larvae was distinctly 
tan colored. Three of the six larvae had 
fresh psyllid nymphs (unidentified) sus- 
pended in silk adjacent to them, two being 

provided with two prey and the other 
with three prey. Several progeny were 
successfully reared, yielding four males 
and seven females. 
Two nests of this species, one on Mag- 

netic Island in a Persoonia gall and the oth- 
er from the JCU campus in a Schinus 

branch, were parasitized by Calosota sp. 

(Eupelmidae). In each nest all three cells 

were parasitized, yielding five females 
and one male parasite. This chalcidoid at- 
tacks the larval or pupal stages of its host. 
Calosota is a cosmopolitan genus recorded 
from various stem-nesting bees and wasps 

(Noyes 1998). In Australia it has also been 
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reared from Psenulus interstitialis Cameron 

on Magnetic Island (Matthews 2000a). 

DISCUSSION 

All known species of Arpactophilus ap- 
pear to be progressive provisioners. All 
apparently suspend their relatively large 
eggs in a silken meshwork. So far as 

known, all prey on nymphs of psyllids 

(rarely tingids or cicadellids) which are 
placed individually enmeshed in silk ad- 

jacent to the feeding larva. All known spe- 
cies appear to have more than one gener- 
ation per year. All appropriate various 

types of pre-existing cavities, ranging 

from old termite galleries to abandoned 
beetle burrows and lepidopteran galls or 
hollow stems in a variety of plants. Four 

species (discussed below) nested in aban- 
doned lepidopteran galls in geebung, Per- 
soonia falcata (Proteaceae), a widely distrib- 

uted tree common across northeastern 
Australia. Previously, A. mimi Naumann 

was recorded from old mud wasp nests 
(Matthews and Naumann 1988). Interest- 

ingly, none of the species described herein 
were found to have entrance guards as in 
A. mimi. Nor did any of the species have 
a discernible odor like the lemony odor 
noted from the heads of A. mimi (Mat- 

thews and Naumann 1988). 

Although at least two of the known Aus- 

tralian species, A. mimi (see Matthews and 

Naumann 1988) and A. feriies, appear to be 

socially advanced, at the other end of the 
spectrum, at least four seem to be strictly 
solitary: A. platycephalus, A. similus, A. flav- 
ifrons, and A. reticulatus. With the presence 
of numerous adults in a nest, A. feries is 

possibly the social equivalent of some eu- 
social Microstigmus, but more study is re- 
quired since only one nest of A. fermes was 
found. In the case of A. mimi, other solitary 
wasps (including conspecifics) and bees 

competing to reuse the old mud cells of Sce- 
liphron formosum were postulated as an im- 
portant selective pressure favoring nest 

guarding as empty mud cells were essen- 
tially non-existent at Kakadu (Naumann 
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1983; Matthews and Naumann 1988). In 

contrast, empty lepidopteran galls on Per- 
soomia falcata at Kakadu were relatively com- 
mon. In one sample from a single tree, 93 
of 124 old dead galls (75%) were unoccu- 

pied; in another sample from six trees 29 of 
68 old galls (43%) were empty. This sug- 
gests that interspecific competition from 
competing ‘‘renting’” species may not be as 
strong in the relatively unsaturated gall 
habitat. Also, the availability of potential 

nest sites may relax the pressure from con- 
specifics, postulated as an important force 
driving sociality in A. mini (Matthews and 
Naumann 1988). Thus, the discovery of ap- 

parently solitary Arpactophilus species is per- 
haps not surprising. 

In the arboreal setting of most species 
discussed here, foraging ants are ubiqui- 
tous and ant predation would seem to 

constitute a major threat to Arpactophilus 
nests. However, no instances of ant pre- 

dation were observed. Possibly the silk 
used to line the burrow and suspend the 
eggs and prey items in the nest contains 
chemicals that are either neutral or repel- 
lent to foraging ants. Various species of 
ants were commonly encountered in the 
lepidopteran galls on Persoonia falcata, 
even adjacent to galls occupied by Arpac- 
tophilus. Thus, ants may compete for po- 
tential nest sites, although where these 

galls were relatively numerous, as was 

true at Kakadu National Park, empty un- 

used galls were common. 
The incidence of parasitism was also ex- 

tremely low. Only one species of parasite 
was reared from any of the Arpactophilus 
species discussed here. Calosota sp. is a 
generalist species known to attack various 
stem nesting wasps and bees. It was 
reared from two of 14 nests of A. reticula- 
tus, a solitary species. Presumably the par- 
asite oviposited while the female was 
away, since all the larvae or pupae in each 
nest were parasitized. Previously, the only 
parasite recorded from any Arpactophilus 
was Megalyra troglodytes Naumann (Me- 
galyridae) which attacked A. mimi (Mat- 
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thews and Naumann 1988), but the inci- 

dence of parasitism was extremely low (5 
of 109 cells parasitized, 4.6%). Such low 
levels of parasitism are consistent with the 
trend in other members of the Spilomeni- 

na (discussed in Matthews 1991), but con- 

trast strikingly with those found in other 
sphecids, such as Sceliphron which typi- 
cally experiences 20-40% parasitism or 

more (Naumann 1983, Smith 1979), sug- 

gesting that the increased level of parental 

care observed in Arpactophilus is a highly 
successful strategy. 

Presumably parental care extends until 
all the brood have emerged, as no outer 
nest entrance closures were found, and in 

several instances active nests contained 
only late pupae, with no younger brood 
stages present. In most species for which 
nests are known, brood development sug- 
gests that only a single adult is reproduc- 
tive because every immature individual 

present was at a distinctly different stage 
of development. (The only exception was 
an unusually large 10-celled nest of A. kak- 
aduensis that contained 5 adult females 

and had 2 eggs.) 

Nothing has been recorded on the biol- 
ogy of the larger Arpactophilus species (A. 
arator, A. bicolor, A. deserticolus, A. kohlit, A. 

steindachneri, and A. sulcatus), other than a 
description of the larva of A. steindachneri 
by Evans (1964). Evans gives as his source 

for this material specimens collected by C. 
D. Michener at Yaamba, Queensland in 

August 1958. Michener (in litt.) says his 

field notes for the date of the specimens 
are uninformative as to details of nests or 

habitat. However, one individual of A. 

steindachneri in the Queensland Museum, 

collected by H. Hacker from Brisbane, 
Queensland, 6/7/15, bears a handwritten 

label “adult dug out of sand bank’’. This 

report of apparent soil nesting needs con- 

firmation; in particular it needs to be de- 

termined whether nests are dug de novo or 

made in preexisting tunnels. If indeed 
some species nest in soil, then Arpactophi- 
lus would display one of the broadest 



nesting niches of any sphecid, but still not 
unique. Another member of the Spilomen- 
ina clade, Spilomena, has at least one spe- 

cies that excavates nests in the soil (Mc- 

Corquodale and Naumann 1988), al- 

though other known members of Spilo- 
mena nest in preexisting cavities. 

In both Spilomena and Arpactophilus the 
most striking biological attribute is their 
use of silk in nesting. The use of silk as a 
sort of “glue’’ has meant that potentially 
any substrate can be remodeled and 
sculpted to serve as a nest. In the other 

large genus of Spilomenina, the Neotrop- 
ical Microstigmus, various species use silk 
to fashion nests of plant hairs, rock bits, 
or wood chips (Matthews 1991). The pos- 
tulated energetic expense of silk produc- 
tion has been suggested to be the basis for 
the unique social evolution in this clade 
(Matthews 1991). 
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Abstract.—Pteryperginae are endemic to Australia where one genus and three species are 

known, Pteryperga galla Benson, P. bifasciata (Brullé), and P. hyaloptera Schmidt and Smith, n. 

sp. A key to species is provided, and each is described and illustrated. The male of P. galla is 

described for the first time. Larvae of P. galla (on Elaeocarpus reticulatus Smith, Elaeocarpaceae) 

and P. hyaloptera (host unknown) are illustrated. 

The subfamily Pteryperginae was pro- 
posed by Benson (1938a, b) for two species 

from Australia, Pteryperga galla Benson 

1938a and P. bifasciata (Brullé 1846). Spec- 

imens are scarce in collections, and little 
has been published on the subfamily since 
its recognition. 

Prompting this review was the discovery 

of an unusual adult pterypergine collected 
in a temperate rainforest area in southeast- 
ern Queensland by the senior author. About 

a month after this adult was collected, and, 
at the same locality, the same author found 
a larva resting on a fern near the ground. 
The larva apparently was full grown and 

went into the ground for pupation the next 
day. The adult that later emerged was the 
same pterypergine species that was hand 
collected previously in the same area. These 
two specimens represent a new species of 
Pteryperginae and are very dissimilar from 
the two previously described species of 
Pteryperga. However, they conform to the 

generic definition of Pteryperga, and we pre- 
fer to place them as a third species of the 
genus. 

We also have examined additional spec- 

imens of P. galla and here describe the 
male for the first time, and we present il- 

lustrations of the larvae of P. galla and P. 
hiyaloptera, n. sp. We did not find addition- 
al specimens of P. bifasciata, which re- 
mains unknown since its original descrip- 

tion in 1846. 

METHODS 

The photomicrographs were obtained 
using a digital camera (ProgRes 3012, Jen- 
optic Laser, Systeme GmbH) and_pro- 

cessed using the AutoMontage system, 
version 2.04 (Synoptics Ltd.) and a Sony 

Digital Photo Camera DKC-5000. The dig- 
ital images were enhanced and the plates 

prepared using Adobe PhotoShop™. 
Acronyms used are as follows: Australian 

National Insect Collection, Canberra, Aus- 

tralia (ANIC); The Natural History Muse- 

um, London, U.K. (BMNH); Agriculture 

Scientific Collection Unit, Orange, Australia 

(ASCU); South Australian Museum, Adelai- 

de, Australia (GAMA); National Museum of 

Natural History, Smithsonian Institution, 

Washington, DC, USA (USNM). 
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PTERYPERGINAE 

The subfamily is characterized in the keys 

to subfamilies of Pergidae by Benson 

(1938b), Riek (1970), and Naumann (1991) 

as follows: Forewing without an anal cell 

(A), crossvein 2r-m absent, thus 2nd and 

3rd radial cells (Rs and 1Rs2) joined, radial 

cell (R1) closed with apical accessory vein, 

costa swollen apically but basally much nar- 

rower than intercostal area; costal cell prox- 

imally with intercostal crossvein (Sc1); hind 

wing with radial cell (RI) open; pronotum 
without accessory furrow; mesoscutellum 

rounded behind, not lobed or produced 
posterolaterally and not carinate; cenchri 

large, nearly meeting at center; foretibia 

with two subequal apical spurs; mid- and 
hind tibiae each with preapical spine; pro- 
podeum sclerotized; labium 3-lobed; max- 

illary palpus 6-segmented, labial palpus 4- 
segmented; propleura medioventrally nar- 
rowly rounded or acute, far apart and not 
meeting medially. 

Pteryperginae share characteristics with 

both the Perginae and Pterygophorinae. 

With the Pterygophorinae, they share the 

similar reduced wing venation by lacking 
2r-m and having a narrow costa basally in 
the forewing and cell R1 of the hind wing 

open apically; the medioventrally widely 
separated propleura; lack of posterior pro- 
jections on the mesoscutellum; sclerotized 

first tergum of the abdomen; serrate an- 

tennae of the female; and pectinate anten- 

nae of the male. Pterygophorinae differ, 
however, by the absence of preapical 
spines on the mid- and hind tibiae; pres- 

ence of an accessory furrow on the dorsal 

angle of the pronotum; smaller cenchri 
which are far apart; and the unipectinate 
antennae of the male (bipectinate in Pter- 

yperginae). 

With Perginae, Pteryperginae share the 

presence of preapical spines on the mid- 
and hind tibiae; sclerotized first tergum; and 

the large cenchri, almost meeting at the cen- 
ter. Perginae are separated by the presence 

of 2r-m and swollen costal cell of the fore- 
wing; closed R1 of the hind wing; short, 

non-serrate antennae of both sexes with 
fewer than 9 segments; presence of an ac- 
cessory furrow on the pronotum; propleura 
almost truncate medioventrally and meet- 
ing medially; and the mesoscutellum with 

posteriorly projecting lobes. 
We believe the shared character states 

of the reduced wing venation, lack of pos- 
teriorly projecting lobes of the mesoscu- 
tellum, and similarly shaped antennae 
place Pteryperginae closest to Pterygo- 
phorinae. Preliminary results of a phylo- 
genetic analysis of world Pergidae cur- 
rently under way by SS and DRS support 
this hypothesis. 

Pteryperga Benson 

Pteryperga Benson 1938a: 623.—Smith 1978:148 

(catalog). 

Type species: Pteryperga galla Benson, by 

original designation. 

Description.—Head in front view broad- 
er than long; labrum flat, slightly emargin- 

ate apically, about 2* longer than clypeus; 
clypeus small, its breadth less than half 
distance between eyes, its length equal to 
length of pedicel; eyes slightly converging 
below, far apart, lower interocular dis- 

tance about 1.3 eye length; distance of 
antennae behind clypeus equal length of 
pedicel; malar space equal breadth of ped- 

icel; antenna 12-20 segmented, central 

segments serrate in female, flagellar seg- 

ments bipectinate in male with rami dor- 
soventrally flattened, clavate, and ramus 

of 3rd segment much larger and broader 

than rami of remaining segments. 

KEY TO SPECIES OF PTERYPERGA 

1. Female; flagellar segments simple 

— Male; flatellar segments bipectinate ........ 
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. Almost entirely yellow brown; wings uniformly hyaline, slightly fuscous (Fig. 3); length, 

ca. 6.0 mm; antenna 10-segmented, subclavate (Figs. 2, 9), length shorter than head width, 

with segments 4-8 serrate (Fig. 9); Queensland hyaloptera Schmidt and Smith, n. sp. 

Black and reddish brown, dorsum of head, mesonotum, and legs largely black (Fig. 1); 

forewing patterned, subhyaline with dark brown at base and two dark brown bands (Figs 

1, 8); length 7-11 mm; antenna 10 to 12 or 20-segmented, of almost uniform width, length 

longer than head width, with segments 3 to apex distinctly serrate (Figs. 1.b, 10) 

._ Antenna 10-12 segmented (Fig. 10); inner band of forewing not reaching posterior wing 5 5 5 
margin (Fig. 8); first tergite partly black; New South Wales, Queensland hag cae galla Benson 

Antenna 20-segmented (Fig. 1.b); inner band of forewing reaching posterior wing margin 

(Fig. 1); first tergite reddish brown, concolorous with rest of abdomen; Tasmania 

4. Wings uniformly slightly dusky; mesopleuron black; length, 5.0 mm 

bifasciata (Brullé) 

hyaloptera Schmidt and Smith, n. sp. 

— Forewing patterned, subhyaline with dark brown at base and two dark brown bands 

(similar to Fig. 8); upper half of mesopleuron reddish brown; length, 8.0-9.0 mm 

galla Benson 

Pteryperga bifasciata (Brullé) 
(Fig. 1) 

Pterygophorus bifasciatus Brullé 1846: 660-661, 

pl. 46, fig. 1, 2 (here reproduced as Fig. 1); 
la Terre de Van Diemeni [Tasmania]; type 

lost—Konow 1905: 37. 

Pteryperga  bifasciata: Benson 1938a: 625. (n. 
comb.).—Smith 1978: 148 (catalog). 

Brullé’s type is lost, and it is difficult to 
place this species from his description. It 
was described from a female from Tas- 
mania. Froggatt’s (1918, 1919) references 

to Pterygophorus bifasciatus belong to P. gal- 
la according to Benson (1938a), and this is 
confirmed here from Froggatt’s specimens 
we have examined (see Dungay records 
for P. galla). It is unlikely Brullé’s species 
is the same as P. galla or the other species 
described here, and, according to Benson 

(1938a), probably represents a distinct spe- 
cies of Pteryperga. Pteryperga galla females 
have a very distinctive colour pattern on 
the mesonotum and wings that is not 

found in any other known Australian per- 
gid species. Pteryperga bifasciata shows a 
very similar colouration (Fig. 1), although 

the wing pattern does not quite agree with 
P. galla in that in the latter species the 
proximal band of the forewing does not 

reach the posterior wing margin (Fig. 1). 

Furthermore, Brullé described and _illus- 

trated the antenna as 20-segmented, 
whereas in P. galla the female antenna is 
10-12 segmented. Brullé did not mention 
preapical tibial spurs. Based on Brullé’s 
description and _ illustrations we agree 

with Benson’s opinion that P. bifasciata 
represents a distinct species, although this 

can be verified only when material is col- 

lected from Tasmania that may corre- 

spond to Brullé’s description. Unfortu- 
nately, recent search of entomological col- 

lections in Tasmania for previously unre- 
corded material were unsuccessful (D. 

Bashford, pers. comm.) 

Pteryperga galla Benson 
(Figs. 4, 5, 7,/3;-10, 11) 

Pterygophorus bifasciatus: Froggatt 1918: 670 (bi- 

ological note, 2? 3); Froggatt 1919: 112 (bio- 

logical note); Morice 1919: 290 (brief descrip- 

tion in key) [misidentifications]. 

Pteryperga galla Benson 1938a: 623-5. Holotype 

2, Australia, New South Wales, Tweed Riv- 

er, bred from cocoons collected by H. Brooks 
(ANIC, examined); condition of holotype: 

left foreleg, right middle leg, left hind tarsus, 

and left forewing missing, other wings partly 

damaged. Paratypes: 1 °, same data as ho- 

lotype (ANIC); 2 2, same data as holotype 
(BMNH), 1 @, same data as holotype 

(ASCU), 3 2, New South Wales, Dorrigo (W. 
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Figs. 1-7. 

Heron) (SAMA).—Riek 1970: 891, 892 

(host).—Smith 1978: 148 (catalog).—Macdon- 

ald and Ohmart 1993: 494 (biology). 

Female.—Length 8.0-11.0 mm. Head 
reddish brown with postgena, lower gena, 
vertex except more or less ocellar furrows, 

epicranial suture, and frontal area dark 

1, Pteryperga bifasciata, reproduction of Pterygophorus bifasciatus, fig. 1 in Brullé, 1846, adult female 

in dorsal view, forewing (1.a) and antenna (1.b). 2, 3, 6, P. hyaloptera. 2, Head of female in dorsal view. 3, 

Female wings. 6, Larva. 4, 5, 7, P. galla. 4, Cluster of larvae. 5, Dead adult female in guarding position. 7, 

Larva. Figs. 4, 5, 7, photographs by JM; Fig. 6, photograph by SS. 

brown to black. Dark colouration some- 

times more extensive with head mostly 

black and only face reddish brown. Tho- 

rax reddish brown with side lobes of me- 

soscutum, a broad median band on me- 

soscutal midlobe sometimes not reaching 

posterior end of midlobe so that reddish 



brown pattern forms a V-shaped pattern 
(cf., Fig. 1), mesoscutellum anteriorly and 

posteriorly, mesosternum and lower 1/3 

or less of mesopleuron, and occasionally 3 
basal tarsal segments black. Abdomen 

reddish brown except first tergite with 2 
black patches, and apex of sawsheath 
black. Wings fuscohyaline with a dark 

brown band across forewing from under 

basal part of stigma to hind margin and a 
second band from apex of costa along vein 
M, but not reaching hind margin of wing 

(Fig. 8); patches of dark brown fill inter- 

costal area to some extent, cover basal and 

anal veins, and fill base of forewing (Fig. 
8); hind wing with a slightly fuscous band 
from stigma and a fuscous patch covering 
anal veins; stigma and veins of wings 
black. Antenna 10-12 segmented, of al- 

most uniform width, length slightly great- 

er than head width, segments 3-10 dis- 
tinctly serrate (Fig. 10). Postocellar area 

about 2.5 broader than long; distance be- 

tween hind ocelli slightly greater than dis- 
tance of a hind ocellus to posterior margin 

of head. Propleura narrowly rounded 
mesally. Foretibial spines subequal in 

length and width. Length of hind basitar- 
sus equal length of following 1 1/3 tarsal 
segments. Length of longest hind tibial 

spur less than apical width of hind tibia. 
Head and body smooth, impunctate, shin- 

ing. Sheath in dorsal view bifid, with long, 
posteriorly projecting scopae. Lancet (Fig. 

11) and fig. 11 of Benson (1938a), with 

low, flat serrulae, serrulae on apical half 

or more not differentiated from each oth- 

er. 

Male.—Length 8.0-9.0 mm. Head black. 

Body predominantly black with pronotum 
except occasionally with black spot later- 
ally, mesonotal midlobe laterally more or 

less, upper half of mesopleuron, and te- 
gula reddish brown; forefemur apically, 

foretibia anteriorly, abdomen except most 

of basal 4 tergites, and tergites 5-6 medi- 

ally black. Dark wing colour pattern sim- 
ilar to female, but less extensive. Antenna 

15-16 segmented, slightly shorter than 
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maximum width of head, bipectinate, lon- 
gest rami about half length of antenna or 

slightly longer; postocellar area about 4 

broader than long, distance between hind 
ocelli slightly greater than distance of one 

of them to hind margin of head. 
Larva (Figs. 4, 7).—Typically pergid-like 

with 3-annulate abdominal segments. 

Body smooth, ground colour green, apical 

segments yellow; head orange, shining; 
10th tergum black; first and second seg- 
ment of thorax dorsally with black mark- 

ings; body with submedial and lateral bro- 

ken longitudinal white stripes. 

Distribution.—Australia: New South 

Wales, Queensland. 

Biology.—Froggatt (1918, 1919), under 

the name Pterygophorus bifasciatus Brullé, 
recorded this species from cocoons in 

wood, “a colony, containing about twenty 
cocoons imbedded in soft wood from the 

stem of an undetermined tree.’”” Riek 

(1970) recorded the host plant, Elaeocarpus 

reticulatus Smith (= cyaneus Aiton, Elaeo- 

carpaceae), and Naumann (1991) men- 

tioned that the larvae are on Elaeocarpus 
sp. Macdonald and Ohmart (1993) gave 

the most complete report of the biology, 
and JM here adds further observations. In 

summary, the female oviposits into the 

leaf margins of young Eleaocarpus reticu- 
latus foliage and then takes up a ‘’guard- 
ing position”’ on the associated leaf petiole 
remaining with her eggs and newly 
emerged larvae until her death (Fig. 5). 

Larvae are gregarious and development is 
synchronized. Sexual dimorphism is ap- 

parent in that female larvae are larger 

than males. Feeding is nocturnal, and lar- 

vae form aggregations during daylight 

hours (Fig. 4). Following larval develop- 

ment, the larvae move as an aggregation 
to find a suitable pupation site, off the 
host and usually in leaf litter. They make 
silken lined pupal cocoons in leaf litter or 

decaying timber. Adult emergence is syn- 

chronized; indications from larval collec- 

tions suggest that the species is multivol- 
tine. 
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Figs. 8-12. 

Material examined.~New South Wales: 

Holotype 2; 1 ¢, Dungay, 1917 (H. 

Brooks) ex larva; 1 2, Dungay (H. Brooks) 

(ANIC); 1 2, Dungay, 10.1917, from larva 

(Brooks) (USNM); 43 2, 10 36, Cromelin 

Field Station, Pearl Beach, 11.x1i.1988 (J. 

Macdonald) ex larvae on Elaeocarpus sp. 
(ASCU). The specimens from Dungay 

were originally determined by Froggatt as 
P. bifasciata and subsequently used as the 
type series for P. galla by Benson. 

Pteryperga hyaloptera Schmidt and 
Smith, new species 
(Pigs: 2,9, 0; 9, 22) 

Type.—Holotype 2, ““6—7.11.1998, Bun- 
ya Mtns N.P., 26° 51'S, 151° 33°H, Austra- 

lia, QLD, leg. S. & O. Schmidt,” “Holotype 
Pteryperga hyaloptera, Schmidt & Smith.” 
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8, 10-11, Pteryperga galla. 8, Forewing. 10, Antenna in lateral view. 11, Lancet. 9, 12, P. hyaloptera. 

9, Female antenna in lateral view. 12, Lancet. 

Condition of holotype: perfect. Type de- 
posited in ANIC. Paratype 1 2, 1-7.xii.99, 
Bunya Mts, QOld., Australia; S.. Schmidt 

(ANIC) (last larval skin of this specimen 
preserved in ethanol together with para- 

type). 

Other specimen—1 ¢, 18 mls. N. of 
Gympie, Queensland, 23 April 1964, I.F.B. 

Common & M. S. Upton (ANIC). 
Female.—Length, 6.0 mm. Yellow brown 

with apical 5-6 antennal segments, lateral 
lobes of mesonotum, lateral depressed ar- 

eas of mesoscutellum, metathorax lateral 
to cenchri, abdominal terga (laterally yel- 
low brown), and apical 3-4 tarsal seg- 

ments dark brown to black. Mandible red- 

dish brown. Metascutellum whitish. 

Wings uniformly slightly dusky; costa and 
stigma pale brown, rest of veins dark 
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brown to black (Fig. 3). Antenna subcla- 

vate, thickened toward apex (Figs. 2, 9), 

serrate with segments 4-8 in side view 
widened toward apices (Fig. 9), 10-seg- 

mented, length about 0.75 head width. 
Postocellar area about 2X broader than 

long; distance between ocelli much shorter 
than distance from ocellus to hind margin 

of head (Fig. 2). Propleura medioventrally 

acute on meson. Inner apical foretibial 

spur only slightly shorter and more slen- 
der than outer spur. Length of hind basi- 

tarsus shorter than following 2 tarsal seg- 
ments combined. Length of hind apical 
tibial spurs less than apical width of hind 
tibia. Head and body smooth, shiny, al- 

most impunctate. Sheath in dorsal view 
broad, triangular, not bifid. Lancet short, 

triangular (Fig. 12), serrulae low and 

rounded, each with a long posteriorly di- 

rected projection from anterior margin. 
Male.—Length, 5.0 mm. Head _ black 

with antenna, clypeus, and labrum orange 
brown; mandible reddish. Thorax black 

with pronotum, perapterum, and narrow 

streak on lateral margin of mesonotal lat- 
eral lobes reddish brown. Legs black with 

apices of fore- and midtrochanters, apices 

of femora, and most of tibiae and tarsi or- 

ange yellow. Abdomen black. Wings uni- 
formly slightly dusky, veins and stigma 
black. Antenna 16- segmented; length less 
than maximum width of head; bipectinate 

with longest rami more than half length of 

antenna. Postocellar area 3.5 broader 

than long; distance between hind ocelli 2 

greater than distance of one of them to 

hind margin of head. 

Larva (Fig. 6)—None preserved for 

study. Typically pergid-like with 3-annu- 
late abdominal segments. Ground colour 

of body yellowish; head, most of thoracic 
legs, 10th tergum, and low tubercles on 

body black; tubercles forming longitudi- 

nal rows on body. 

Etymology.—The name of the species re- 
fers to the wings which, unlike the other 
species of the genus, lack dark markings. 

Remarks.—The paratype emerged from 
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a cocoon spun by the larva in Fig. 6; it is 
in poor condition but is obviously the 
same species as the holotype. The male 
described is from a separate collection and 
is not included as a paratype. Although 
not positively associated, we believe it is 
this species because of its similarity to the 
two females. 

Biology.—Unknown. Though the larva 

was found on fern, it did not feed on any 
of the offered plants from the same local- 
ity, including several species of ferns. An 
extensive search for larvae on plants in the 
lower vegetation was not successful. Feed- 
ing marks that indicate the presence of 
sawfly larvae were not detected. Fern is 
probably not the host plant of P. /iyalop- 
tera, and the larva was probably on its 
way to the ground for pupation. It is pos- 
sible that larvae of this species feeds in the 
canopy area. The locality where this spe- 
cies was collected is characterized by a 
high diversity of different species of trees 
and vines typical of subtropical rainforests 
in that region. 
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Abstract.—Three species of Neostromboceros have been reared from ferns in Thailand, Vietnam, 

Malaysia, and Indonesia. The biology, taxonomy, and distribution are presented for N. albicomus 
(Konow) on Lygodium spp. (Lygodiaceae), N. congener (Konow) on Chiristella arida (Thelypterida- 

ceae), and N. luchti Malaise on Diplazium asperum (Athyriaceae). Neostromboceros albicomus is a 

potential biological control agent for the Old World climbing fern, Lygodium microphyllum (Ca- 

vanilles) R. Brown, an invasive plant in southeastern United States. In the field, N. albicomus occurs 

on both L. flexuosum and L. microphyllum but attempts to rear insects from one plant host on the 
other were not successful. DNA sequencing of N. albicomus from the two hosts showed a single 

base difference between the two groups, indicating that two biotypes of N. albicomus may exist. 

Stromboceros (Neostromboceros) metallica Rohwer 1912 is a new synonym of Neostromboceros 
albicomus (Konow 1901). 

Lygodium microphyllum (Cavanilles) R. 

Brown (Lygodiaceae), the Old World 

climbing fern (also known as the small- 

leafed climbing fern) native to southeast- 

ern Asia, is an invasive weed in the Ev- 

erglades of Florida and is a target species 
for a USDA/ARS biological control pro- 
gram. During a search for biological con- 
trol agents of this fern in southeastern 
Asia, three species of the genus Neostrom- 

boceros Rohwer were discovered feeding 

on ferns of the genera Lygodium, Diplazium 
(Athyriaceae), and Christella (Thelypteri- 

daceae). Because so little is known of these 

sawfly species, and because of the poten- 
tial for biological control by one of them, 

we present some data on their taxonomy, 

distribution, hosts, and life history. 

The genus Neostromboceros is represent- 
ed by about 45 species and occurs from 
Japan south to Papua New Guinea and In- 
donesia west to China, Nepal, and India 

(Malaise 1944, Naito 1979, Smith unpub- 

lished). It is one of the largest genera of 
the subfamily Selandriinae in this region, 

but nothing was known of its hosts and 
habits except for three of the six species in 
Japan, one of which feeds on Athyrium ja- 
ponicus Copel, and two of which feed on 

Athyrium sp. (Athyriaceae) (Naito 1979). 

Since most Selandriinae feed on ferns and 

some adults of Neostromboceros have been 

collected from ferns, it has been assumed 

the larval host plants of most or all species 

are ferns. Malaise (1944) stated that adults 

are always found on or near lower ferns 
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in moist places, and inferred that ferns 

should be the food plant of the larvae. 

Molecular characterization is increas- 

ingly being used as a method of indicating 
species diversity, identifying cryptic spe- 
cies, and matching immature stages with 

adults (Pemberton and Ferriter 1998, 

Goolsby et al. 2000). In this study, most 
collections of Neostromboceros albicomus 

(Konow), the most promising species for 

biological control and found throughout 
Thailand, Malaysia, and Vietnam, were 

the larval stage. Because larvae cannot be 
characterized morphologically, DNA se- 
quencing was used to determine species 

status. This is discussed in the methods 

section and was used to determine larval 

identity and the distribution of N. albico- 

MUS. 

METHODS 

For identification of Neostromboceros al- 

bicomus, we sequenced the D2 expansion 
domain of the 285 rRNA _ which has 

proved useful for all life stages of insects 
and mites. Other genes such as ITS may 

be sequenced if finer resolution below the 

species level is needed, but this is much 
slower and more expensive than the au- 
tomated sequencing of D2. The methods 

are those described by De Barro et al. 
(2000). 

The polymerase chain reaction (PCR) was 

used to amplify the D2 gene regions for 
each specimen. Primers for the region fol- 

lowed Campbell et al. (1993); D2F 5’-CG 

TGTTGCTTGATAGTGCAGC-3’ and D2R 

5'-TTGGTCCGTGTTTCAAGACGG-3’, or 

ND2F 5'-AGTACCGTGAGGGAAAGTTG- 

3’, which was used in some reactions as an 

alternate forward primer which anneals ap- 

proximately 90 bases down stream of the 
D2F binding site. All reaction volumes 

were 50n.L, containing 20pM of each prim- 
er, 200MM each dGTP, dATP, dCTP, and 

dTTP, 1.5-2.5mM MgC12, 2uL DNA ly- 

sate, 1X supplied buffer and 2.5U Taq 
polymerase (Bresatec, Australia). PCR am- 

plification was done using a Hybaid ther- 
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mocycler using the following parameters. 
A pre-cycle denaturation step for 5 min at 
94°C, followed by the addition of the Taq 
polymerase. Then, 35 cycles of 1 min at 
94°C, 1 min at 55°C and 1.5 min at 72°C 
followed by a final post-cycle extension 
step at 72°C. 

Molecular characterization was used to 
determine species status for Neostrombocer- 
os albicomus larvae from Lygodium. Neos- 
tromboceros congener (Forsius) and N. luchti 

Malaise were not studied further because 

they were not found on the target food 

plant; however, we record new food plant 

data, biology, and distribution that we 
have available. The information given for 

N. luchti is an independent study by 
RDdeC. 

Acronyms used are as follows: DEI = 

Deutsches Entomologisches Institut, Eber- 
swalde, Germany; USNM = National Mu- 

seum of Natural History, Smithsonian In- 

stitution, Washington, DC., USA. 

SPECIES 

Neostromboceros albicomus (Konow) 

(Figs. 1-6) 

Stromboceros albicomus Konow 1901: 65. 

Neostromboceros albicomus: Forsius 1933: 169, 183 

(Malaysian records); Malaise 1944: 45 (syn.: 

S. cenchralis Konow). 

Stromboceros cenchralis Konow 1908: 149. 

Stromboceros (Neostromboceros) metallica Rohwer 

1912: 236; Forsius 1933: 169; Malaise 1944: 44. 

New synonymy. 

(Fig. 3) black, ab- 
tergites reddish, 
as central band; 

Recognition.—Adults 
domen with middle 

sometimes appearing 
wings hyaline with apical part of forewing 

beyond stigma infuscate. Third antennal 
segment longer than 4th; antenna round, 

not compressed, slightly incrassinate in 
middle. Anterior margin of clypeus slight- 
ly emarginate; head smooth and shiny, 
without punctures (Fig. 1); without anten- 

nal furrows lateral to frontal area; anten- 

nal sockets not carinate; lateral supra-an- 

tennal pits circular, connected by a short 

furrow to antennal sockets; malar space 



Neostromboceros albicomus. 1, Head, fron- 

todorsal view. 2, Sawsheath and ovipositor. 

Figs; 1-2. 

linear; postocellar area broader than long; 
head strongly narrowing behind eyes. Me- 
sopleuron smooth, shining; epicnemium 

indistinct, almost wanting. Female sheath 

slender, from above of uniform width; 

sheath and ovipositor as in Fig. 2. 
This is one of the few species of Neos- 

tromboceros with part of the abdomen red; 

most species have a black abdomen with 
the posterior margin of the segments nar- 
rowly white. The above characters will 
separate this species from other species 
with part of the abdomen red. 

Discussion.—Forsius (1933) mentioned 

that N. albicomus and N. metallicus were 
probably synonymous. Malaise (1944) sep- 
arated N. metallicus and N. albicomus ( = 

cenchralis) in his key to species, both going 

to the same couplet. He did not see Roh- 
wer’s type of metallicus (mentioning ‘after 
Rohwer’), so he was unable to compare it 
with the type of N. albicomus. He men- 
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tioned seeing both types (albicomus and 
cenchralis), and two females. In a footnote, 

he stated “That N. metallicus is really spe- 
cifically different from albicomus is uncer- 

tain and needs confirmation.’” DRS com- 

pared types of metallicus and albicomus 
side-by-side and concluded that N. metal- 
licus is anew synonym of N. albicomus; the 
previous synonymy of cliechralis is also 
confirmed. 

Konow (1901) described Stromboceros al- 

bicomus from ‘‘Malacca (Perak)”’ and stat- 

ed it was in the “Mus. Hung.” He de- 

scribed the female but did not give the 
number of specimens he had. We exam- 
ined one syntype in the DEI labeled ‘’Per- 
ak,” “Coll. Konow,” “Syntypus,” “’Strom- 
boceros albicomus Knw., Perak.” 

Konow (1908) described Stromboceros 

cenchralis from “‘Insulae Philippinae (Pa- 
lawan).’’ He described the female but did 

not state how many specimens he had. We 
examined one female in the DEI labeled 

“Palawan,” “Coll. Konow,” “‘Holotypus,” 

“Stromboceros cenchralis Knw., Ins. Phi- 

lipp.” 

Rohwer (1912) described Stromboceros 

(Neostromboceros) metallica from ‘Singa- 

pore, Malay Peninsula. One female col- 

lected February 25, 1909, by Bryant and 

Palmer.” It is the type species of Neostrom- 
boceros Rohwer, described as a new sub- 

genus. The holotype in the USNM is la- 
beled: ‘Singapore Malay Penin,” “Bryant 
& Palmer Coll.,” ““Hym Slide 307,” “wing 

mounted,” ““ Type No. 14505 U.S.N.M.,” 

“Neostromboceros metallicus Roh., TYPE 

vad 

Hosts.—Lygodium flexuosum (Linnaeus) 
Swartz and L. microphyllum (Lygodiaceae). 
Larvae fed and completed their live cycle 

on L. salicifolium Presl, but adults did not 

oviposit on this species. 
Biology.—AW maintained colonies of 

this ““Lygodium sawfly.” Larvae were col- 
lected on Lygodium flexuosum growing 
along roadsides at Hui Nam Rin, Wiang 
Pa Pao District, Chiang Rai Province in 

northern Thailand and taken to the labo- 
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Neostromboceros albicomus. 3 Figs. 3-6. 3, Female. 4, Female ovipositing on Lygodium flexuosum. 5, Eggs on L. 5 Ss : 55 

flexuosum shoots. 6, Larva on L. flexuosum. Photos by A. D. Wright and A. Winotai. 

ratory in Bangkok. During preliminary bi- 
ological studies at 25°C, unmated females 
laid eggs (Fig. 4) a few hours after emer- 

gence. Yellow oval eggs were laid singly 
on young shoots and leaves (Fig. 5) and 

became orange yellow before hatching. 
Eye spots were visible through the chori- 
on. Newly hatched larvae were pale with 
dark head capsules. Large larvae were yel- 
low with small purple bands at the ante- 
rior and posterior ends of their bodies 
(Fig. 6). Full grown larvae moved into the 
soil where they formed cocoons and pu- 
pated. In laboratory studies, adult sawflies 

were fed a honey solution. Duration stud- 
ies indicated a preoviposition period of 1— 
2 hours and an egg incubation period of 

3-5 days. Some larvae had 4 instars and 
some 5 instars, but it was not determined 

if the numbers related to sexes. The total 

larval period was 20-22 days and the pu- 
pal period was 15-21 days. The adult lon- 

gevity was 3-4 days. 

Observations on feeding and oviposi- 

tion behavior of N. albicomus indicated dif- 

ferences according to whether larvae were 

collected on Lygodium flexuosum or on L. 
microphyllum. The presence on two food 
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plants suggest that N. albicomus may have 
two biotypes so far indistinguishable by 
morphological taxonomy, and this ap- 
pears to be supported by results of DNA 
sequence results referred to in the distri- 
bution section below. Sequencing was 
done on eight specimens collected from L. 
flexuosum and three from L. microphyllum. 
The sequences separated into two groups 
with a single base difference between 
them, according to the host plant. Within 
each group, there was no variation in the 
sequenced D2 gene. Sequences for the two 
groups are deposited in GenBank, acces- 
sion numbers AF453417 and AF 453418. 

(A) Collections on L. flexuwosum: Obser- 

vations on feeding behavior indicated that 
N. albicomus larvae collected on L. flexuos- 
um preferred feeding only on L. flexuosum. 
Limited host-specificity testing indicated 
the sawfly fed and completed its life cycle 
on L. microphyllum and L. salicifolium, but 

it did not feed on ten ornamental ferns of 
the genera Adiantum (Adiantaceae), As- 

plenium (Aspleniaceae), Nepholepis (Ne- 
phrolepidaceae), Davallia (Davalliaceae), 

or Pteris (Pteridaceae). In both Bangkok 

and Brisbane studies, adults appeared re- 
luctant to oviposit on L. microphyllum, and, 
though larvae placed on L. microphyllum 
survived, they took longer to develop, 
there was high mortality, and emerged 
adults did not lay any eggs. Although L. 
japonicum (Thunberg) Swartz has yet to be 
tested with larvae collected on L. flexuos- 
um, we speculate it may also be a suitable 
host plant of N. albicomus, since the mor- 
phological similarity of L. flexuosum, L. sal- 
icifolium, and L. japonicum indicates they 
are probably closely related (P. Bostock, 

pers. comm.). 

(B) Collections on L. microphyllum: Ob- 
servations indicated N. albicomus collected 
on L. microphyllum preferred feeding only 
on L. microphyllum. When supplied L. ja- 
ponicum, both cut foliage and whole 
plants, larvae failed to feed and died. 
Adults provided with a choice of L. micro- 
phyllum, L. japonicum, and L. flexuosum laid 
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most eggs on L. microphyllum, none on L. 
japonicum, and only three were seen on L. 

flexuosum. 
Distribution.—The following records are 

confirmed by us. DNA sequencing was 
carried out on specimens (mostly larvae) 
collected at various places from Thailand, 
Malaysia, and Vietnam, and results indi- 

cated all were the same species, with exact 

sequence matches (collections from Lygo- 
dium flexuosum) denoted by a single aster- 
isk (*) and at the same single base differ- 

ence (in collections from Lygodium micro- 
phyllum) denoted by a double asterisk (**). 

MALAYSIA: Selangor: Kuala Lumpur, 1 

August 1983, G.F. Hevel & W. E. Steiner 
(1); Perak, Kuala Woh, 1 September 1992, 

leg. D.G. Furth (1); *Kuala Lumpur, Ta- 

man Cheras Muda, 3° 06.2’N, 101° 05.2’E, 
4 July 1999, larvae on Lygodium flexuosum, 
H. L. Ho; Kuala Lumpur, Cheras, Taman 

Seraya, 3° 06.9'N, 101°45.4’E, 8 November 
1999, larvae on Lygodium flexuosum, A. D. 
Wright & H. L. Ho; *Kedah, Langkawi, 5 
June 1999, larvae on Lygodium flexuosum, 
H. L. Ho; *Pahang, 22 km E of Maran on 

highway #2, 3° 40.7'N, 102° 54.9'E, 12 Au- 
gust 1999, larvae on Lygodium fleuxosum, 
A. D. Wright & H. L. Ho. PHILIPINES: 
Palawan. SINGAPORE: ‘Singapore.’ 
THAILAND: *Chiang Rai Province, 
Wiang Pa Po District, nr. Huai Nam Rin, 

side road ca. 70 km NE of Chiang Mai on 
road #1019, 19° 05.9°N99°27°5' EB, 30: Au 
gust 1998, larvae on Lygodium flexuosum, 
A. D. Wright & A.Winotai; *Surat Thani 

Province, Don Sak District, roadwide nr. 
Ban Pang Nga Shee, 9° 13.5'N, 99°39.3’E, 

1 December 1998, eggs and larvae on Ly- 

godium flexuosum (nearby L. microphyllum 
had no sawflies or sawfly damage), A. 

Winotai & A. D. Wright (reared 1 2); 

*Narathiwat Province, Yi-ngo District, 

rubber plantation in Luhbohlausa, 6° 
25.5 N) 101" 41:7’, 20 April 1999)-3: Au 
gust 1999, larvae on Lygodium flexuosum; 
Narathiwat Province, Tak Bai District, 25 

February 2001, larva on Lygodium micro- 
phyllum, A. Winotai & A. D. Wright; 
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*Chiang Mai Province, San Sai District, nr. 

Ban’ Pong, 18" 55:3'N, 99° 2.9'E, 27 April 

19995, 29: Apml 1999, 5 August 1999, eges 

and young larvae on Lygodium flexuosum 
(4 larvae with tachinid eggs, 4 tachnid 
adults emerged in quarantine, Brisbane), 

A. Winotai & A. D. Wright; *Rayong Prov- 

ince, Kao Chamao Subdistrict, nr. Klong 

Pla Kang Waterfall, nr. Samkor Village, 

12” 56.0).N; 101" A290 Ee 1S May 1999; lar- 

vae on Lygodium flexuosum, A. Winotai & 
A. D. Wright; Trat Province, Klong Yai 

District, Tambol Mai Root, Ban Huang 

Som 11°50.1'N, 102° '50.6'E, 3 April 2001, 

larvae on Lygodium microphyllum, A. Win- 
otai; **Trat Province, Klong Yai District, 

Tambol Mai Root, Ban Huang Som, 11° 

50.1’N, 102° 50.6’, 3 April 2001, larvae on 

Lygodium microphyllum, A. D. Wright & A. 
Winotai. VIETNAM: **nr. Ho Chi Minh 

City, larvae on Lygodium microphyllum, 23 
October 1996, Thai Van. 

Malaise (1944) gave the distribution as: 

“The Malay Peninsula (Perak; Keday 
[Gurum; Catchment Area near Jitra]; West 

Coast [Langkawi Island; Pulo Pinang]; 

East Coast [Pulo Aor]); The Philippines 
(Palawan).”” Forsius (1933) recorded: Ma- 

lay Peninsula: Kedah, Garun, November-— 

December 1916; Keday, Catchment Area 

near Jitra, 7-10 April 1928; Malay Penin- 

sula, West Coast, Langkawa Islands, 19 

April-1 May 1928, 20 August 1928. 

Neostromboceros congener (Konow) 

Stromboceros congener Konow 1901: 64. 
Neostromboceros congener: Forsius 1934: 110 

(Java); Malaise 1944: 40 (syn.: S. karnyi For- 

sius). 

Stromboceros karnyi Forsius 1931: 33; Forsius 

1934: 107, 110 (additional distribution re- 

cords). 

Recognition.—Adults black with follow- 
ing white: labrum, posterior margin of 
pronotum, anterior margin of tegula, per- 
apterum, narrow posterior margin of ter- 

gites, apices of coxae, trochanters, apices 

of femora, and basal part of tibiae; wings 

hyaline, forewing only slightly subinfus- 
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Fig. 7. Neostronboceros luchti, frontodorsal view of 

head. 

cate toward apex. Antenna almost round 
in cross section, not distinctly compressed 
but faintly more compressed in male; fla- 

gellar joints without hair-brushes; 3rd seg- 
ment slightly longer than 4th. Clypeus 
truncate or with very shallow anterior 
emargination; malar space linear; head 

smooth and shining, without punctures; 
no distinct furrows lateral to frontal area; 
lateral ocellar furrows distinct; postocellar 
area subquadrate, slightly broader than 
long; inner margins of eyes parallel in fe- 

male, slightly converging below in male. 

Thorax and abdomen smooth and shiny, 
without punctures. Female sawsheath 

slender, in dorsal view of uniform width. 

The black coloration with the above 
parts white, lack of punctures on the head 

and body, nearly truncate clypeus, and the 
third antennal segment slightly longer 
than the fourth will recognize this species. 
The above characters will separate this 
species from other species that are mostly 
black and lack punctures on the frontal 
area. 

Discussion.—Konow (1901) described 

Stromboceros congener from ‘Lombok (Sap- 
it)’ and stated it was in ‘“Mus. Hung.” He 

did not state how many specimens he had, 
but he described both sexes. One female 
at DEI is labeled ‘“Lombok, Sapit 2000’, 

Mai-Juni 1896, H. Fruhstorfer,’”” “Coll. Ko- 

now,” “Syntypus,” “‘Stromboceros conge- 
ner Knw., Lombok.’ Also one female 
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Figs. 8-9. Neostromboceros luchti. 8, Sawsheath, dor- 

sal view. 9, Sawsheath, posterior view. 

bears the same data but lacks a determi- 
nation label. Two other females are la- 

beled ‘‘Kelantin,” “Coll. Konow,” but they 

cannot be types because the locality differs 
from that of the original description. 

Malaise (1944), in his key to Neostrom- 

boceros, mentioned seeing 30 females and 
15 males of congener ( = karnyi Forsius), 

some of them compared with the types. 
Host.—Christella arida (D. Don) Holttum 

(Thelypteridaceae), collected by ADW in 
northern Sumatra (identity confirmed by 
P. Bostok). 

Distribution—We examined specimens 
from the following: INDIA: Buxar Duar. 

Figs. 10-14. 
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Bengal, D. Nowrojee, 5.1907 (1); Kobo, 400 

ft., Arbor Exped., 3-XII-11, Kemp (1); Sa- 

diya, 21-25 May 1920, Fletcher Coll. (2); 

“India” 1952, G. W. Angelet (1). INDO- 

NESIA: Lombok, Sapit, 2000’; North Su- 
matra, roadside on track near Lake Toba, 

2° 447 N/ 98" 53.2 E22 May 1999, A.D: 

Wright, collector, adults resting and larvae 
feeding on ferns, 2 adults and 1 larva on 

fern Christella arida, A. D. Wright & R. 

Desmier de Chenon. MALAYSIA: Up.- 

Perak, 1902 (1). 

Malaise (1944) recorded the distribution 

as “‘Lombok; Eastern Java (Bondowoso, 1- 

1500 m.; G. Raoeng, 450-700 m.; etc.).” 

Forsius (1934) gave ‘“Zwei Weibschen un 

drei Mannchen aus Buitenzorg, Dezember 

1931. Ein Mannchen aus Malang, Novem- 
ber 1931.” Forsius (1931) described S. kar- 

nyl from “‘Java, Tjibodas, 1400 bis 1500 
a7 

m. 

Neostromboceros luchti Malaise 

(Figs. 7-14) 

Neostromboceros luchti Malaise 1944: 31. 

Recognition.—Adults (Fig. 10) black with 
purplish tinge and with following white: 
labrum, posterior margin of pronotum, 

perapterum, trochanters, and basal stripe 
on tibiae; wings hyaline with apical half 
of forewing infuscate from base of stigma. 
Head with frontal area almost flat, dis- 

tinctly punctured or rugose with punc- 
tures confined to frontal area (Fig. 7). 

Clypeus truncate; malar space linear; pos- 
tocellar area broader than long, subcon- 

vex; lateral postocellar furrows convexly 
curved, reaching back of head; middle su- 

pra-antennal pit transversely furrow-like, 
almost straight and shallow; lateral fur- 

rows rounded or semicircular with tuber- 
cle in middle; lower half of hind orbits car- 

inated. Mesopleuron smooth, shiny, im- 

— 

Neostromboceros luchti. 10, Female. 11, Eggs on Diplazium asperum. 12, Larva. 13, Larvae feeding 

on D. asperum. 14, Cocoon. Photos by R. Desmier de Chenon. 
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punctate. Female sawsheath strongly di- 

lated at apex (Figs. 8, 9). 
The black coloration with the above 

parts white, punctured frontal area of the 

head, and strongly dilated female saw- 
sheath will distinguish this species. The 

above characters are intended to separated 

this species from other species that are 

mostly black and have punctures on the 

frontal area. 

Host.—Diplazium asperum Blume (Athy- 

riaceae) (identity confirmed by P. Bostok). 

Biology.—This species was reared in In- 

donesia by RDdeC. The host is a common 
understory fern in oil palm plantations. 

The complete cycle from egg to adult 

takes about 22 to 30 days to complete. In- 

cubation period for the eggs is three to 
four days, larval development about 20 

days, and the time from pupation to eclo- 
sion is about 9 to 10 days. The male goes 

through five instars, and the female six in- 

stars. Results of feeding experiments in- 

dicate that a single larva consumes about 

29 square centimeters of plant tissue dur- 

ing its development. The average number 

of eggs per dissected female is about 59 
with a range of 40 to 98 in 14 specimens 

dissected. The size of the eggs ranges from 
1.12 to 1.18 mm in length and 0.36 to 0.46 

mm in width. Eggs are laid on the under- 

side of the frond (Fig. 11), and the number 

of eggs laid per frond averages about 64, 

about 41% of which hatched. The larva 

(Fig. 12) is shiny, green with a darker 
green dorsum, and many can be found 

feeding on a fern frond (Fig. 13). The co- 

coon in the ground is made up of particles 

of soil (Fig. 14). 

Distribution. —INDONESIA: Sumatra, 

Province of North Sumatra, Bagun Bandar 

Estate (oil palm plantation), 3°19.62'N, 
99°01.76'E (rearings by RDdeC); “Java 

(Bondowoso, 1000-1500 m; G. Raoeng, 

450-700 m, Buitenzort)’’ (Malaise 1944). 

MALAYSIA: Kuala Lumpur (Malaise 
1944), 
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Review of the Glyptapanteles species (Hymenoptera: Braconidae, 
Microgastrinae) Attacking Noctuids in Field Crops in the Neotropical 

Region, with Descriptions of Two New Species 
from the Ecuadorian Andes 

JAMES B. WHITFIELD, ALBRECHT BENZING, AND FERNANDO PONCE 

(IBW) Department of Entomology, University of Illinois, Urbana, IL 61801, USA; (AB) F 8) 3 
Fachgebiet Okologischer Landbau, Nordbahnhofstrasse 1A, 37213 Witzenhausen, Germany; (FP) 

Escuela Radiofonicas Populares, Cas. 06-01-693, Riobamba, Ecuador 

Abstract.—The six species of Glyptapanteles Ashmead known to attack noctuid pests in the New 

World are reviewed, with illustrated identification keys and discussions of their species status 

and possible relationships. Four of the species have been previously described: G. bourquini (Blan- 

chard), new combination, G. /ierbertii (Ashmead), G. miilitaris (Walsh) and G. muesebecki (Blan- 

chard), new combination. Two are newly described here: G. ecuadorius Whitfield and G. agro- 

tivorus Whitfield. 

Microgastrine braconid wasps are 
among, the principal natural enemies of 
noctuid and other lepidopteran pests 
throughout the world (Whitfield, 1997). A 

large percentage of the microgastrine Bra- 

conidae attacking noctuids, especially in 
the temperate zones, belong to the genus 
Cotesia Cameron, probably one of the two 
largest genera of this subfamily with per- 
haps as many as 1,500 species worldwide 
(Mason, 1981). In the Neotropics, this 

dominant position of Cotesia is to some ex- 
tent displaced by species in the genus 
Glyptapanteles Ashmead. This latter genus 
has never been revised in the neotropical 
region, so that identification of species, 
even those reared from agriculturally im- 
portant pest species, can be difficult or im- 

possible without repeated visits to muse- 
ums with important reference material. 

In this paper we review those New 
World species of Glyptapanteles known to 
have been reared from agricultural pests 
in the family Noctuidae. We have not at- 

tempted to cover all species that might be 
reared from noctuids outside field crop 

situations. The species treated here are a 

mix of principally Nearctic species with 

ranges extending into the Caribbean re- 
gion (and occasionally into South America 
due to introductions), and of essentially 
South American species which also, in 

some lowland species, have ranges ex- 

tending north through the Caribbean into 
the southern U. S., especially Florida. In 
reviewing these species, we describe two 

new ones encountered in the course of 

studies on natural enemies of noctuid 

pests in corn and vegetable fields in the 
central highlands of Ecuador. 

MATERIALS AND METHODS 

Larvae of several species of Noctuidae 
were collected by random sampling 
throughout the corn growing seasons (Oc- 
tober to May) on small fields in Ecuador 

between 2,000 and 3,250 m elevation. In 

addition, collections were also made on a 
7 ha experimental organic farm near Rio- 
bamba (2, 750 m el.), where vegetables are 

grown year round. Larvae of Lepidoptera 
were then identified using the key from 
Angula and Weigert (1975) and our own 

drawings. They were reared in plastic cag- 
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es (5 cm diameter X 1.5 cm height) with 
their natal host plants. When parasitoids 

emerged from the larvae, they were left in 

the cages until adults eclosed, which were 
then pinned. 

Our Ecuadorian parasitoid material was 

then compared with holotypes and other 
determined material from the senior au- 
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rated into anterior and posterior halves 

using minuten needles and mounted in 

Euparal so that the anterior halves were 
visible in dorsal view and the posterior 

halves were visible in lateral view. These 

were then drawn using ocular grids in a 

Zeiss DRC microscope at 63x, and 

squared paper. In a few cases the meta- 
somal features were drawn directly from 

point-mounted material. Cocoons were 

photographed using a Sony MVC FD90 
digital camera with close-up lenses; natu- 

ral lighting was supplemented with fibre 
optic lighting. 

Morphological terminology follows that 
used in Sharkey and Wharton (1997) and 

Whitfield (1997). The descriptions present- 

ed below are to be attributed to the senior 

author. 

thor’s collection as well as from several 

major museums (see descriptions and Ac- 
knowledgments for details), as well as to 

the original descriptions of the New 

World Glyptapanteles species known to at- 
tack noctuids. Wings were removed from 

adult females, mounted between two glass 

slides, and projected using a microprojec- 
tor for tracing and shading. Metasomata 
were removed from some females, sepa- 

KEY TO GLYPTAPANTELES FROM AGRICULTURAL NOCTUIDS IN THE 

NEOTROPICAL REGION 

Note: Species of the microgastrine genera Cotesia and Microplitis are also commonly reared from noctuids. 

Specimens can first be identified to genus using Whitfield (1997). Readers may also wish to check the generic 

diagnosis of Glyptapanteles by Mason (1981). Care should be taken, when using the following key, that good 

soft (dispersed) lighting (such as with a ring light or through frosted glass or mylar) is available. In this way 

the fine sculpturing features on the first metasomal tergite in some species is visible, as is the true outline of 

the second tergite. These features can be difficult to discern accurately with harsh lighting since many of the 

specimens are so shiny. Slide mounting of metasomata can also be useful for discerning the finer features. 

1. Junction of r and 2Rs in fore wing marked by a small knob, with r much longer than 2Rs 
(Fig. 1); first metasomal tergite somewhat sculptured and rounded posteriorly, second 

tergite often not well demarcated from third medioapically (Fig. 2); cocoon mass typically 

tightly spun together, occasionally looser, cocoons woolly, tan to orangish or pinkish in 

color (Fig. 19) G. bourquini (Blanchard) 

— Junction of r and 2Rs in fore wing not marked by small knob, rounded to obtusely angled 

and with r and 2Rs fairly equal in length (Figs. 4, 7, 10, 13, 16); first metasomal tergite 

usually more evenly narrowing from base to apex, second tergite always well demarcated 

from third medially by narrow suture (Figs. 5, 8, 11, 14, 17); Cocoon masses variable (Figs. 

20-24), but usually not tightly spun together in a mass (except in G. herbertii, where it is 

elongate with cocoons arranged like stacked wood—Fig. 22) 
2. First metasomal tergite with some distinct, but often very fine, punctation in apical half 

(Fig. 5), not highly polished apically; cocoon mass tan in color, elongate and with cocoons 

arraneged and stacked in parallel as with stacked wood (Fig. 22) G. herbertii (Ashmead) 

— First metasomal tergite smooth and relatively polished throughout (Figs. 8, 11, 14, 17); 

cocoons variable, but typically not spun in an organized cluster although sometimes kept 

together by loose woolly threads (Figs. 20, 21,23)... 2.05.6 eee eek pce eee eee ees 3 

3. Hind coxa predominantly, typically entirely, bright yellowish in color, as is tegula; cocoons 

loosely spun together and white to light buff in color (Fig. 20) ........ G. militaris (Walsh) 
— Hind coxa mostly dark brown to blackish, at least basally; tegula and cocoons variable .. 4 

4. Second metasomal tergite about twice as broad posteriorly as long medially (Fig. 14), often 
with central part raised slightly, so that it may superficially appear less broad .......<% 

G. ecuadorius Whitfield, n. sp. 
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Second tergite much less than 2 as broad posteriorly as long medially, usually about 

4X as broad or less (Pigs UL ad) ae cca cas ot Piece catch tes Gk eee RL aA Beene 5 

. First metasomal tergite at least 1.5 as long as anteriorly broad, and evenly narrowing 

posteriorly, with relatively straight lateral margins (Fig. 11); tegula pale yellowish brown; 

cocoons yellowish brown, spun in a loose mass (Fig. 21) ........ G. muesebecki (Blanchard) 

First metasomal tergite shorter, with more curved (convex) lateral margins rounding to 

apex (Fig. 17); tegula dark brown; cocoons white, loosely spun in a cluster with much loose 

SUC AIR, 29) sence neha Sooo Geers on Geta ae aed $4, Ok Pas G. agrotivorus Whitfield, n. sp. 

SPECIES NOTES AND DESCRIPTIONS 

Glyptapanteles bourquini (Blanchard) 
(Figs. 1-3, 19, 24) 

Apanteles bourquini Blanchard: 137. Type, Blan- 

chard collection, Buenos Aires, examined. 

Portions of Blanchard’s material and other 

reared material also examined in United 

States National Museum, Washington 

(USNM). 

Apanteles elegans Blanchard 1936: 139. Type, 

Blanchard collection, Buenos Aires, exam- 

ined. This and other material referred to as 

elegans appear to be conspecific with G. bour- 

quini. New synonymy. 

Blanchard (1936) described bourquini 

and elegans in consecutive pages of his 
treatment of Argentinian microgastrines. 

According to his descriptions, the distin- 

guishing features of the two are slightly 
shorter distal antennomeres in bourquinti, 

slightly shorter fore wing 1Rs in elegans, 
and the color of the cocoon masses of the 
two species, those of bourquini being a 
more brownish white, while elegans spins 

masses of a more orange-brown color. In 
the material we have seen, cocoon color 

varies between these extremes, and the an- 

tennomere length difference does not ap- 
pear to hold up. The latter is also sexually 
dimorphic in each species, so that it is pos- 
sible that Blanchard actually described a 
male antenna for elegans and a female for 
bourquini. Most reared material appears to 
resemble Blanchard’s wing figure for bour- 
quini (see Fig. 1), with some tendencies to- 

wards the elegans configuration for 1Rs. Fi- 
nally, both species are stated in the de- 
scription to have been reared from Psora- 

grotis (gypaetina Gn. in the case of 

bourquini, and an undetermined species in 
the case of elegans). Shenefelt (1972), sum- 

marizing available published host records, 
listed, in addition to these species, Peridro- 

ma margaritosa (Haw.), Pseudaletia unipunc- 

ta (Haw.) and Agrotis ipsilon (Hfn.) for 
bourquini, and the first two of these also 

for elegans. It seems most likely that only 

one species of Glyptapanteles (a) attacks 
this set of hosts, (b) looks like bourquini, 

and (c) spins the characteristic compact co- 

coon mass attributed to these two species. 
Obviously there is some variation in the 

cocoon mass color, from tan or slightly 

pinkish through more orange-brown 

shades. We thus treat elegans as a junior 
synonym of bourquini. 

In our studies, G. bourquini was reared 

from: Agrotis deprivata on Brassica oleracea, 

Medicago sativa, Vicia vollosa and Zea mays; 
Agrotis ipsilon on Brassica oleracea, Daucus 

carota, Lactuca sativa, Medicago sativa and 

Trifolium repens; and Peridroma saucia on 

Trifolium repens, all at 2770 m elevation 

(San Antonio, Riobamba Province, Ecua- 

dor, June, F. Ponce, collector). It is clear 

that the conditions of rearing can influ- 

ence the appearance of the resulting co- 
coon masses, as these vary from compact 
masses (Fig. 19) to loose piles or even in- 

dividually spun woolly cocoons, depend- 
ing on the available substrate. The senior 

author has also seen reared material of 

this species from various other unidenti- 
fied cutworms, from Pseudaletia unipuncta 

(Haw.), as well as one unconfirmed record 

from Helicoverpa zea (Boddie). 
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Figs. 1-3. Glyptapanteles bourquini (Blanchard), female. 1, Wings. 2, Anterior metasomal tergites, dorsal view. 

3, Apex of metasoma, lateral view. 

We are able to confirm geographical re- Glyptapanteles herbertii (Ashmead) 

cords from Argentina, Chile, Ecuador, and (Figs. 4-6, 22) 

Uruguay. Probably it is found throughout Apanteles herbertii Ashmead 1900: 279. Holo- 
the southern cone of South America and type, Natural History Museum (NHM), Lon- 

north into northern South America in the don, examined. Additional reared material 
Andes. from USNM examined. 
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Figs. 4-6. Glyptapanteles herbertii (Ashmead), female. 4, Wings. 5, Anterior metasomal tergites, dorsal view. 
6, Apex of metasoma, lateral view. 
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This species apparently belongs to a dif- 
ficult complex of species that includes G. 
caffreyi (Muesebeck), G. militaris (Walsh), 

and G. muesebecki (Blanchard), among oth- 
ers. Among these, it exhibits a relatively 
distinctive woodpile-arrangement cocoon 
mass (Fig.22); other Glyptapanteles spin 
similar masses, but not typically in agri- 
cultural habitats. It seems to have often 
been confused with G. caffreyi, at least 
based on the material determined as the 
latter species in the U. S. National Muse- 
um. All of the reared material we have 
seen, including specimens from the neo- 
tropics, determined as G. caffreyi appears 
to represent either G. herbertit or G. mue- 
sebecki. Presumably caffreyi also occurs 
south from Arizona into at least Mexico, 

but probably in western dry forest areas 
rather than the Caribbean habitats in 
which herbertii is often found. 

The host listed for herbertii by Shenefelt 
(1972) and Marsh (1979) is Hystalea nyseus 

Cram. on guava From the material we 
have seen, the following appear to be 

more usual hosts: Anticarsia gemmatalis 
(see also Cave, 1995) and occasionally Tri- 

choplusia ni and Pseudoplusia includens (al- 
though these latter are based on less con- 
fident identifications). 

Geographically, the species appears typ- 
ically circum-Caribbean, but is also found 
further south in South America. We have 
confirmed records from Argentina, Belize, 

Colombia, Cuba, Ecuador, Florida, Mexi- 
co, Nicaragua, Peru and Venezuela. 

Glyptapanteles militaris (Walsh) 
(Figs. 7-9, 20) 

Microgaster militaris Walsh: 369. Unique holo- 

type or lectotype not designated from origi- 
nal material, but at this point identity of the 

species has not been controversial. Examined 

on the basis of extensive material in USNM, 

Illinois Natural History Survey, as well as se- 

nior author’s collection of reared material. 

This species is abundant wherever corn 

(maize) or other gramineous crops are 

grown, at least in the Nearctic region, and 
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is recorded from a variety of noctuids on 
grasses, including native grasses in wild 
areas. The principal host in agricultural 
settings, at least in North America, is the 
armyworm, Pseudaletia unipuncta (Haw.). 

The cocoons of this species are reported 
to vary in color between white to buff, and 
are spun loosely on or near the host cater- 
pillar’s body (fig. 20). This variation means 
that this species may be difficult to unequiv- 
ocally separate from G. miuesebecki and one 
of the new species described below, based 
on the cocoons. It is possible that what we 
and previous workers have interpreted as 
species differences in fact only represent 
geographical and/or host-induced differ- 
ences within a single species. For instance, 
the distinctive yellow hind coxa of militaris 
may prove to be geographically and envi- 
ronmentally variable outside North Ameri- 
ca. For now we are treating these entities 

separately, hoping that whatever individual 
biological differences they have will become 
clearer with additional records. Mason 
(1981) provides excellent SEM photos of 

some features of G. militaris. 
Glyptapanteles militaris is common 

throughout most of North America. In the 
neotropics it is frequently reported, al- 
though many of these records may in fact 
be misidentifications of the other species 
treated here. Probably it is at least found 
in the Caribbean region. 

Glyptapanteles muesebecki (Blanchard) 
(Figs. 10-12, 21) 

Apanteles muesebecki Blanchard 1947: 18. Type in 

Blanchard collection, Buneos Aires, exam- 
ined along with associated reared material 

now in USNM. 

This species was originally referred to 

as militaris by Blanchard, (1936), then, 

upon receiving material determined as 
militaris by Muesebeck some years later, 
he decided that his South American ma- 
terial in fact represented a distinct species 
and described muesebecki (Blanchard 1947). 

The distinctions made then between the 
species were very fine, as they still are 
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Figs. 7-9. Glyptapanteles militaris (Walsh), female. 7, Wings. 8, Anterior metasomal tergites, dorsal view. 9 
Apex of metasoma, lateral view. 

, 

here, and the distinct species status of the ably more orange-brown (Fig. 21) than 
two species really needs to be examined those we have from Nearctic militaris (Fig. 

using extensive geographical sampling 20; some cocoon masses are more dirty 
and genetic data. Since the examined co- whitish, even tan, than those in this pho- 

coon masses of muesebecki are consider- to), and there are some very slight mor- 
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Figs. 10-12. Glyptapanteles muesebecki (Blanchard), female. 10, Wings. 11, Anterior metasomal tergites, dorsal 

view. 12, Apex of metasoma, lateral view. 

phological features, mentioned in the key 
above, to support a distinction, we have 
treated muesebecki provisionally as a dis- 
tinct species. Blanchard (1947) mentioned 

the narrower first and second metasomal 

tergites and dark hind coxa of muesebecki 

as being distinctive; we have found the 
former feature to be better described as: 



muesebecki tending to having more straight 
posteriorly narrowing margins of the first 
tergite, and tergite 2 being narrower pos- 
teriorly than in militaris. 

To confuse matters, G. muesebecki is re- 
corded from Pseudaletia unipuncta (Haw.), 

the same principal host as G. militaris. We 
have not really seen many geographical in- 
termediates between the two, G. militaris be- 

ing common in North America and the Ca- 
ribbean region, while G. muesebecki is only 
recorded from Argentina and Paraguay. 

Glyptapanteles ecuadorius Whitfield, 
new species 
(Pigs. 13=15) 

Female.—Body length 2.5-2.7 mm. Fore 

wing length 2.5-2.7 mm. Color. General 
body color black, except: lighter brown/ 
yellowish palpi, front, middle and hind 

legs (except dark brown hind coxal base 

and apical portions of hind femur and tib- 
ia). Wings (Fig. 14) hyaline, veins includ- 

ing stigma generally pigmented very dark 
brown in pigmented portions. Head. Face 
shallowly punctate but still rather shiny, 

broad with inner margins of eyes not con- 
verging towards clypeus. Antenna slen- 
der, black, slightly longer than entire body 
length. Mesosoma. Mesoscutum shallowly, 
weakly but distinctly punctate through- 
out. Scutellum sculptured as mesoscutum. 
Metanotum with broad, nearly smooth 
and _ hairless lateral setiferous lobe. Pro- 

podeum coarsely rugulose over much of 
surface; nucha surrounded by very short 
radiating carinulae that occasionally ap- 
pear to suggest posterior arms of an areola 
or a medial carina. Metasoma. Tergite I (fig. 

14) smooth, relatively polished through- 
out, with medial depression over anterior 

0.3-0.4; approximately twice as broad an- 
teriorly as posteriorly and about 1.5x as 
long as broad anteriorly; lateral margins 

converging towards apex in a_ gentle 
curve; laterotergites light dorsally; tergite 
I] about 2 as broad apically as long me- 
dially, but often appearing narrower in 
poor lighting when more strongly raised 
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central portion is more obvious; lateroter- 

gites much darker than those of tergite [. 
Hypopygium (Fig. 15) evenly sclerotized, 
about 3x as long medially as previous 
sternite; apex curving to about 70° angle 
at tip. Ovipositor sheath short, more slen- 
der basally than is typical in Glyptapante- 
les, slightly paddle-shaped (more strongly 
convex ventrally), hairy only at tip. Legs. 
Hind coxa dark brown over basal half, 

then becoming orangish distally. Hind tib- 
ial spurs shorter than half length of basi- 
tarsus, with inner spur slightly longer. 
Wings. Tegula dark brown. Fore wing 
(Fig. 13) R1 extending about 4 times as far 

beyond stigma as distance from its distal 
tip to end of 3RS fold. Stigma evenly dark 
brown. Veins r and 2Rs approximately of 
equal length, or r very slightly longer, 
meeting in obtuse but distinct angle. 

Male.—Similar to female except distal an- 
tennal segments longer and more slender. 
Cocoons.—We have not examined co- 

coons of this species. 
Hosts.—Helicoverpa zea (Boddie) on 

maize (Zea mays L.) is the only recorded 

host so far. 
Material examined.—Holotype female: EC- 

UADOR: Riobamba, Bilbao, 2000m eleva- 

tion, XII-1998, F. Ponce, ex Helicoverpa zea on 

Zea mays. Paratypes: 1 male, 1 female, same 

data as holotype. Deposited in USNM and 
also (1 paratype) in the collection of Depar- 
tamento de Zoologia Pontificia Universidad 
Catolica del Ecuador, Quito. 

Etymology.—The specific epithet obvious- 
ly refers to the only country (Ecuador) in 

which this species has been recorded so far. 
Comments.—This species seems to be an 

Andean endemic. It shares with G. bour- 
quint proximally slender, paddle-shaped 
ovipositor sheaths, and dark tegulae, but 
otherwise seems to share more features 
with the militaris group of species. 

Glyptapanteles agrotivorus Whitfield, 
new species 

(Figs. 16-18, 23) 

Female.—Body length 2.1-2.3 mm. Fore 
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Figs. 13-15. Glyptapanteles ecuadorius Whitfield, n. sp., female. 13, Wings. 14, Anterior metasomal tergites, 

dorsal view. 15, Apex of metasoma, lateral view. 

body color black, except lighter brown: 
fore and middle legs beyond coxae, 
proximal *% of hind femora and tibiae. 
Wings (Fig. 16) hyaline, veins including 
stigma, when pigmented, generally pig- 

mented dark brown. Head. Face coarsely 

but very shallowly punctate, slightly 

shiny, broad and as wide near clypeus 

as near antennal bases. Antenna black, 

slender, longer than body, even in fe- 



Figs. 16-18. 

dorsal view. 18, Apex of metasoma, lateral view. 

male. Mesosoma. Mesoscutum finely and 

evenly punctate throughout. Scutellum 
evenly puncate, but more sparsely so 
than Metanotum mesoscutum. with 
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Glyptapanteles agrotivorus Whitfield, n. sp., female. 16, Wings. 17, Anterior metasomal tergites, 

broad, smooth and weakly hairy lateral 
setiferous lobe. Propodeum finely rugu- 
lopunctate throughout, more coarsely so 
medially, with no obvious carinae. Me- 
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Figs. 19-24. Cocoon masses and larvae of Glyptapanteles spp. 19, G. bourquini. 20, G. militaris. 21, G. muesebecki. 

22, G. herbertii. 23, G. agrotivorus. 24, Larvae of G. bourquini emerging from host caterpillar. 

tasoma. Tergite I (Fig. 17) essentially 

smooth and relatively polished through- 

out, with a medial depression over an- 

terior 0.4; 1.3-1.5x as long as anteriorly 

broad and about twice as broad anteri- 

orly as posteriorly, with evenly curved 
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lateral margins (Fig. 17 shows a first ter- 

gite that is on the short end of the spec- 
trum of available material). Tergite II 

about 1.3 as broad apically as medially 
long, entirely smooth and with posterior 

edge very slightly convex medially. La- 
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terotergites fairly dark brown, on II 
more so than I. Hypopygium (Fig. 18) 

about 3X as long medially as preceding 
sternite, curving to rather truncate 

(80°+) tip. Ovipositor sheath short, 

blunt, apically hairy, projecting only 
slightly beyond tip of hypopygium. Legs. 
Hind coxa very finely punctate, almost 
completely dark brown to black except 
lighter at extreme apex. Hind tibial spurs 
shorter than half length of basitarsus, in- 
ner spur slightly longer than outer. 
Wings. Tegula dark brown. Fore wing 
(Pig. 16) R1 extending about 3-4 times as 
far beyond stigma as distance from its 
distal tip to end of 3RS fold. Stigma 
evenly very dark brown, sometimes vis- 

ibly paler centrally. Fore wing veins r 

and 2Rs about equal in length, or r 
slightly longer, meeting at a sharp but 
obtuse angle. 

Male.—Similar to female except apical 
flagellomeres longer. 

Cocoons (Fig. 23).—White, loosely spun 
together with coarse silk. 

Hosts.—Agrotis ipsilon (Hfn.) on Brassica 

oleracea. 

Material examined.—Holotype female: EC- 
UADOR: Riobamba, San Antonio, 2770m 

elevation, 13-VII-2000, F. Ponce, ex Agrotis 

ipsilon. Paratypes: 1 male, 1 female, same 
data as holotype. Deposited in USNM and 
also (1 paratype) in the collection of De- 
partamento de Zoologia Pontificia Univ- 
ersidad Cat6élica del Ecuador, Quito. 

Etymology.—The specific epithet refers 
to the fact that this species is known to 
attack (‘eat’) cutworms of the genus 

Agrotis. 

Comments.—This species, both in the 

appearance of the cocoons (Fig. 23) and 

in general morphology, most closely re- 

sembles G. militaris (Walsh). It does ap- 
pear to differ in the shorter first meta- 

somal tergite, in having a dark hind 

coxa, and in attacking a different host. 
Until a comprehensive population-level 

study is completed of this complex of 
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species, it seems best to treat this as a 

distinct species. 
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Morphometric Analysis of Four Species of Trichogramma Westwood 
(Hymenoptera: Trichogrammatidae) Attacking Codling Moth and 

other Tortricid Pests in North America 

ROGER A..BURKS AND JOHN M. HERATY 

Department of Entomology, University of California, Riverside, CA 92521 USA, 
email: rogerb@citrus.ucr.edu 

Abstract.—Four species of Trichogramma Westwood are distinguished with overlap using mor- 

phometric analyses of 496 specimens with 27 measurements of males, 26 of females. The cryptic 

species of the T. minutum complex, T. minutum Riley and T. platneri Nagarkatti, are distinguished 
morphologically for the first time using canonical variate analysis. Intermediacy between T. cali- 

fornicum Nagaraja and Nagarkatti and the T. minutum complex is examined, with reference to 

other sources of variation. Males of the four species could be identified using a linear discriminant 
function with 0-3.9% error when applied to specimens used in developing the function, with T. 

minutum and T. californicum identified with error rates of 10.3-12.8% using novel resampled data; 
females could be separated with error rates of 3.3-18.9% using only the calibration specimens, 

with T. minutum and T. californicum identified with an error rate of 27.2-29.4% using novel re- 

sampled data. An identification key to males of the four species is provided that uses a combi- 
nation of morphological characters and the discriminant functions. Implications of these results 
for quality control of mass releases and the identification of Trichogramma are discussed. 

Trichogramma Westwood is the most im- 
portant genus of egg parasitoids attacking 
Tortricidae in tree crops (Mills and Carl 
1991). They are routinely released in aug- 
mentative biological control programs, al- 
though with mixed success (Falcon and 
Huber 1991, Smith 1996). By far the most 

common wasps used in the augmentative 
control of these pests in North America 
are the two species that comprise the T. 
minutum species complex: T. minutum Ril- 
ey and T. platneri Nagarkatti. These spe- 
cies are also the dominant native egg par- 
asitoids of tortricid pests in fruit orchards 
(Stouthamer et al. 2000b). At least nine 

other native species of Trichogramma_ at- 

tack these pests, but these appear to be 
much less common (Pinto et al. 2002). 

The T. minutum species complex pre- 
sents one of the most acute taxonomic 
problems in the genus, because its two 
species have been considered indistin- 
guishable morphologically (Nagarkatti 

1975, Pinto et al. 1991). Their separation is 

based on mutual reproductive incompati- 
bility, differences in certain allozymic loci 

as determined through electrophoresis 
(Pinto et al. 1992) and geography, with T. 
minutum found primarily east of the 
Rocky Mountains and T. platneri west of 
the Rockies. The two species mate readily 
in laboratory settings, but hybrid females 
die in the embryonic stage (Stouthamer et 
al. 2000b). Because both species are com- 

monly mass released against Lepidopter- 
an pests (Kuhlmann and Mills 1999), these 
findings have serious implications for 

augmentative control programs, as it is 

clear that unless high rates of sib-mating 
or intraspecific encounters between indi- 

viduals of different sexes occur, there can 
be negative reproductive interactions 
when releases result in mixed populations 

of the two species. Sib-mating should be 
particularly low for parasitoids of small, 
isolated eggs, and it has been estimated 



168 

that levels of sib-mating for the T. minu- 
fum complex on codling moth, Cydia po- 
monella (Linnaeus), and oriental fruit 

moth, Grapholita molesta (Busck), on tree 

crops will not exceed 63%, resulting in 
considerable opportunity for interspecific 
mating when both species are present 
(Stouthamer et al. 2000b). For these rea- 

sons, the accurate identification of insec- 
tary cultures and field populations is im- 
perative to maximize the benefit of control 
programs involving members of the T. 

minutum complex. 
Morphological identification of most 

species of Trichogramma is difficult due to 
their small size and overlap of potentially 
diagnostic characters (Pinto 1999). Almost 

all of the diagnostic characters for Tricho- 
gramma are found on either the genitalia 
or antennal flagellum of males. Female 
Trichogramma have been considered un- 
identifiable morphologically except when 

the number of possible diagnoses can be 
narrowed down by associating them with 
co-occurring males of known _ identity. 
This is a major problem considering that 
females are usually more common than 

males, and males are absent in thelyto- 

kous populations. Non-morphological 
identification methods are available, in- 
cluding reproductive compatibility with 
known reference cultures and diagnostic 
allozymic profiles (Pinto et al. 1991, 1992), 

but these methods require living and spe- 
cially preserved dead specimens, respec- 
tively, and usually the establishment of 
cultures to provide enough material for 
study. The ITS2 genetic region has been 
investigated as a means of separating T. 
minutum and T. platneri, but it is identical 
for the two species (Stouthamer et al. 

2000a). These difficulties, along with the 

possible presence of other species in re- 
lease zones, complicate augmentative bi- 

ological control efforts by requiring that 
both pre- and post-release assessment be 
dependent upon processes of specimen 
identification that are often not practical. 

Using minor morphological differences, 
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other species of Trichogramma associated 
with tortricid orchard pests can be recog- 
nized from members of the T. minutum 
complex (Pinto 1999), but these differences 

are confounded by an incomplete knowl- 
edge of intraspecific variation and appar- 
ent intermediacy. Problems of morpholog- 
ical intermediacy are especially apparent 
in the distinction between T. platneri and 
T. californicum Nagaraja and Nagarkatti, 
two species syntopic in western North 
America (Pinto 1999). 

Trichogramma californicum was described 
from specimens reared from eggs of the 
Douglas fir tussock moth, Orgyia pseudo- 
tsugata (McDunnogh), collected from Al- 

turas, Modoc County, in northeastern Cal- 
ifornia (Nagaraja and Nagarkatti 1973). It 
was distinguished primarily by morpho- 
logical features, but also because it was re- 
productively incompatible with laboratory 
cultures of other species of Trichogramma 
available at the time. Trichogramma califor- 
nicum and T. minutum were distinguished 
by color, length and shape of flagelliform 

antennal setae, and ovipositor to hind tib- 
ia length ratio. The morphological dis- 

tinctness of T. californicum was reassessed 
in a recent revision of the North American 

species of Trichogramma (Pinto 1999). No 
successful hybridization was found be- 
tween the then available cultures of T. cal- 
ifornicum and four other species: T. exig- 
uum Pinto and Platner, T. fiunestum Pinto 
and Oatman, T. interius Pinto, and the 

Cow Head Lake (PCHL, Modoc Co., CA) 

culture of T. platneri, but it was noted that 
some crosses that should have been done 
had not yet been conducted (Pinto 1999). 

Recently, three cultures of T. californicum, 
CAAD, CASB, and CAYK (Table 1), were 

shown to be different from T. minutum, T. 
platneri, and two cultures of T. exiguum 
(EXHN, EXSL) at three loci using allozy- 

mic electrophoresis (Burks and Pinto 

2002). High allozymic variability and low 
reproductive compatibility among the 
three cultures of T. californicum provided 
little evidence of their conspecificity, but 
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there was not enough evidence to exclude 

any of the three cultures from the rest of 

the species. 
Trichogramma exiguum was described 

from eastern North America (Pinto et al. 

1978). Trichogramma exiguum and T. cali- 
fornicum have similar male genitalic struc- 

ture, and the flagelliform setae are rela- 

tively short and abruptly tapered in both 

(Pinto 1999). Trichogramma exiguum is also 

similar morphologically to the T. minutum 
complex, and is most likely to be confused 
with T. minutum because the two species 

are sympatric in eastern North America 

and are found on the same hosts, includ- 

ing codling moth and oriental fruit moth. 
The purpose of this study is to investi- 

gate the potential of quantitative morpho- 
metric analysis to separate both males and 
females of the T. minutum complex, T. cal- 

ifornicum, and T. exiguum. 

MATERIALS AND METHODS 

Specimens.—A total of 496 specimens 
were measured in this study, 231 males 
and 265 females, from 47 different labo- 
ratory-reared cultures (Table 1). Each cul- 
ture originated from a single mated fe- 
male that emerged from a field-collected 
host egg. Cultures were maintained in the 
laboratory at 21-27° C on irradiated Tri- 
choplusia ni (Htibner) eggs. Selection of 
specimens was conducted on a culture by 
culture basis, with each included culture 
having been identified through complete 
direct or indirect reproductive compatibil- 
ity with a reference culture (MCVA for T. 

minutum, PRV1 for T. platneri, CAAD for 
T. californicum, and EXSL for T. exiguum) 
and by morphological characteristics re- 
ported in Pinto (1999). Cultures for which 
reproductive compatibility data were not 
available were used only in posterior tests 
of the discriminant functions (indicated by 
asterisk in Table 1). All specimens were 

slide-mounted dorsoventrally in Canada 
Balsam (458 specimens) or Hoyer’s medi- 
um (38 specimens) using uniform meth- 

odology (Platner et al. 1999). Specimens 
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are stored in the University of California, 

Riverside, Department of Entomology Re- 

search Museum, each identified with an 

individual reference code UCRC ENT 

43346-43841 and the voucher code RB1. 

Only specimens for which all measure- 
ments could be made unambiguously 

were included. 

Characters.—A total of 27 morphological 

features for males and 26 for females were 

measured (Table 2, Fig. 1). All terms are 

the same as in Pinto (1999). Characters 

were selected on the basis of perceived 
taxonomic potential and presence of con- 
sistent landmarks (sensu Bookstein et al. 

1985). Features that could not be accurate- 

ly measured as a straight line were not 

used, with the exception of the longest fla- 

gelliform antennal seta length in males 

(lfs), which was represented as the sum of 
two measurements extending from the 

point of greatest curvature of the seta to 

its tip and base. We regard all of the land- 
marks to be readily placed, although per- 
haps the features of the antenna in both 

sexes could be the most easily confused. 
For clarity, these are illustrated in greater 
detail (Fig. 2). For cla, landmark 24 is the 

most apical point of the club, not counting 
the multiporus plate or basiconic peg sen- 
silla, which may extend beyond the claval 

apex. In males, landmarks 25, 26, and 27 
are based upon an earlier description of 
flagellar regions in male Trichogramma by 
Vincent and Goodpasture (1986), used 
again by Pinto (1999). The limits of each 

flagellomere are marked by distinct ven- 

tral constrictions (Fig. 2) that are proposed 
as homologous to separations between 
segments in species with more distinct fla- 
gellar segments (such as in the subgenera 
Vanlisus Pinto and Trichogrammanza Carv- 

er). In females, inclusion of measurements 

of the funicular segments (characters lfa- 
Ifd and wfa-wfd) achieved a 2% reduction 

of the overall error in linear discriminant 

reclassification. However, these measure- 

ments were excluded ee the final anal- 

ysis because these landmark points were 
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Table 1. Collection details, code, and number of specimens studied for each culture. Unmarked cultures 

were included in the calibration dataset. Cultures marked by an asterisk (*) were included in the test dataset 

only. 

6S 

# Of specimens 

Collection locality Code Collection date Male Female 
ee 

T. californicum — — 42 36 

CA: Adin, CAAD 24.vii.1992 10 10 

CA: Alturas (types)* CAAL 20.vi.1967 | 1 

*CA, Garberville CAGB 4.vi.1987 5 2 

CA: Magee Mtn. CAMM 12.vii.1992 2 3 

CA: Sage* CASG 11.11.1980 p ) 

CA: San Bernardino Mtns CASB 12.viii.1997 10 10 

ID: Greenleaf* CAGL 13.vili.1999 aD 0) 

WA: Yakima CAYK 3-7.vii.1997 10 10 

T. exiguum — — 19 15 

AL: Selma EXSL 5x.1972 9 5 

NC: Hendersonville EXHN 15.viii. 1997 10 10 

T. minutum = = 102 122: 

CA: Chula Vista MCVA 3.x.1973 10 10 

CO: Colbran MCLB 14.vili.1997 5 | 

CO: Fruita MFRU 13.vili.1997 4 6 

ID: Bonner’s Ferry MBFY 27.vili. 1997 3 7 

KY: Rich Hill MRHH 8.vili.1998 3 6 

MD: Smithsburg MSMT 7.Vili.1998 5 5 

ME: Winterville MWTV 24.i1x.1980 10 2 

MN: southeastern MSMN 2.viii. 1992 5 3 

MN: St. Paul MSPL 21.1.1986 1 8 

MO: Bigspring MBGS 15.1x.1970 5 8 

MO: Kirkwood MKKW 24.ix.1970 0 4 

NC: Hendersonville MHND 26.viil. 1997 5 7p 

NM: Albuquerque MABO 1.ix.1987 3 2 

ON: Dryden MDRY 25.vii.1990 5 i 

TN: Monteagle MONT 28.vi.1986 3 2 

UT: Fairfield MFFD 12.viii.1997 5 6 

UT: Kanab MKNB 7-10.vili.1997 3 9 

UT: Springdale MSGD 7.viii.1997 | 2 

UT: Tropic MTRP 8.vill.1997 5 8 

WA: Mead MEAD 21.viii.1997 9 6 

WA: Wenatchee MWEN 25.vili.1997 5 4 

WI: Madison MMDs 28-29.vii.1998 4 6 

T. platneri — — 68 OF 

BC: Summerland PSUM 1.viii.1997 4 6 

CA: Boulder Creek PBCK 11-12.ix.1997 5 6 

CA: Cow Head Lake PCHL 22.vii.1992 5 5 

CA: El Toro PELT 18.11.1983 1 4 

CA: Garberville PGRB 5.vi.1987 5 3 

CA: James Reserve PJIRV 7.V1.1985 5 8 

CA: Julian PJUL 21-23.vii.1998 1 4 

CA: Newcastle PNWC 6.1x.1990 5 1 

CA: Riverside PRVI 15.vii.1971 10 10 

CA: Winters PWTS L.vii.1981 5 10 

MT: Libby PLIB 27 viii. 1997 5 9 
OR: Pendleton PPND 24.viii. 1997 5 10 
WA: Colville PCLV 22. viii.1997 5 5) 
WA: Granger PGRN 24.viii. 1987 5 5 

WA: Walla Walla PWWL 23.viil. 1997 3 6 

lotal all species — — pre 265 
SS 
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Table 2. Characters measured and their descriptions. Landmarks refer to points in Figure 1. 

—_———?:/:_SM_ MMM — 

Code Sex Landmarks Description 
$$ 

Genitalia 

aed M 2-13 Length of aedeagus from apodemes to tip (tips of both apodemes usually not 
equidistant from tip of aedeagus, so their position was averaged by drawing 
a line between tips apodemes and measuring from middle of that line) 

lgc M 1=13 Length of genital capsule (apical point determined by drawing line between 
tips of parameres and measuring from middle of that line) 

wgc M 3-4 Greatest width of genital capsule (without landmarks) 
gc M 5-6 Width of genital capsule at base of dorsal lamina 
apd M 10-12. — Apical distance (apical coordinate determined as with lgc) 
Ida M 1-9 Length of dorsal aperture 
IdI M 9-11 Length of posterior extension of dorsal lamina 
wdl M 7-8 Width of dorsal lamina at the widest point of its shoulders 
ivp M 14-15 Length of intervolsellar process 
ovp ig 16-20 Length of ovipositor sheaths from base of Ist and 2nd valvulae (= Ist and 2nd 

gonapophyses) to tip of 3rd valvula (= gonoplac) 

svf F 17-18 — Length of 2nd valvifer (= 2nd gonocoxa) from base to medial corner of 3rd 
valvula 

dtv F 19-20 Lateral length of 3rd valvula from base to tip 
Itv FE 18-20. Medial length of 3rd valvula from base to tip 
wtv F 18-19 = Width of 3rd valvula base from medial corner to lateral corner 

Antenna 

cla M 24-25 ~—- Ventral length of 4th flagellar region 
clb M 25-26 Ventral length of 3rd flagellar region 
cle M 26-27. —- Ventral length of 2nd flagellar region 
cld M 27-28 Ventral length of 1st flagellar region 
lev ls 29-30 Maximum length of club . 
Ifa FP 32-34 Ventral length of 2nd funicular segment 
Ifb E 31-33 Dorsal length of 2nd funicular segment 
Ife F 36-38 Ventral length of Ist funicular segment 
Ifd Ey 35-37 Dorsal length of Ist funicular segment 
Ifs M = 21-22-23 Longest flagelliform antennal seta length (flagelliform setae are almost always 

strongly arched, so measurements were taken by combining the lengths of 

lines projecting from the point of greatest curvature to the tip and base of 
the seta, respectively) 

sca M/F 39-40 Dorsal length of scape, from dorso-apical corner to dorso-apical corner of radicle 
wfa F 31-32. Apical width of 2nd funicular segment 
wtb F 33-34 — Basal width of 2nd funicular segment 
wfc F 35-36 Apical width of Ist funicular segment 

wid F 37-38 Basal width of Ist funicular segment 
Legs 

Imb M/F 41-42 Dorsal length of metatibia 

mta M/F 43-44 Dorsal length of basal metatarsal segment 

mtb M/F 45—46 Dorsal length of middle metatarsal segment 

mtc M/F 47-48 Dorsal length of apical metatarsal segment 
spa M/F 49-50 — Length of metatibial spur, from socket to tip 
spb M/F 51-52 ~~ Length of mesotibial spur, from socket to tip 

Wings 
lwg M/F 57-58 Length of fore wing from its base immediately distal to humeral plate to 

where the M setal track reaches the wing margin 

wwg M/F 59-60 Width of fore wing from end of 3rd setal track to end of posterior-most setal 
track 

Isv M/F 53-54 Length of stigmal vein (the base of the stigmal vein cannot be determined us- 
ing landmarks, and the pigmented apex of the stigmal vein could not always 

be determined with satisfactory accuracy, so the sockets of two consistently 

locatable setae were used as landmarks) 

WSV M/F 55-56 ~=Width of stigma vein at its narrowest point, no landmarks 
Ifl M/F 61-62 Length of longest marginal fringe seta of fore wing 
Ihm M/F 63-64 Length of longest marginal fringe seta of hind wing 



Fig. 1. Measurements for males and females of Trichogramma; numbers represent character landmarks de- 

fined in Table 2. A, Male genitalia. B, Intervolsellar process. C, Ovipositor. D, Male antenna. E, Female antenna. 

F, Scape. G, Metatibia and metatarsus. H, Mesotarsus. I, Stigmal vein. J, Wings. 

difficult to position on the rounded edges 
of the segments, making it difficult to de- 
fine them in an objective manner. 

Landmark points could be readily ob- 
served in all of the specimens used for this 
analysis, and admittedly only good qual- 
ity mounts can be scored for all of the rel- 

evant landmarks. The identification key 
provided in the discussion will be useful 
for most specimens, but in cases that re- 
quire definitive results, a set of well- 
mounted specimens is necessary. This is 

achievable using the methods provided by 
Platner et al. (1999), which made possible 
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Bien 2. Photograph of slide-mounted antenna of 

male Trichogramma platneri (PLIB) with landmarks in- 

dicated; numbers represent points defined in Table 2. 

the use of nearly 500 uniformly positioned 
specimens for this study. 
Measurements.—Specimens were mea- 

sured using a Leica DMRB microscope 
through a Sony DXC-107 videochip cam- 
era using the same methods described in 
Heraty and Polaszek (2000). The computer 

program Morphosys (Meachum and Dun- 
can 1987) was used to measure pixel dis- 
tances between on-screen point coordinates 

and convert them to millimeter distances. 
Landmarks were gathered at magnifica- 
tions of 200-640. Linear measurements 
were analyzed using SAS release 8.00 soft- 
ware. 

Statistical analyses.—Unless_ stated oth- 
erwise, all analyses were conducted on 

two calibration datasets, one for each sex 
(Table 1). Using the same specimen data, 
subset analyses comparing only a pair of 
species, or comparing the T. minutum 

complex as a whole with T. californicum or 
T. exiguum, were performed using princi- 
pal component analysis, using the speci- 
mens of those species contained in the cal- 
ibration datasets. These data sets are avail- 
able in SAS format files from the corre- 
sponding author upon request. 

Males and females of the four species 
were analyzed separately in an ‘all spe- 
cies’ calibration dataset (ASD) using 19 
variables, although not all variables were 
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shared in each dataset (Table 6). Males 

were studied further in four subset anal- 
yses that focused on comparisons of T. 
minutum with T. platneri, T. californicum 
with T. exiguum, and the T. minutum com- 
plex with T. californicum and T. exiguum. 
In each case the morphometric variables 
were a subset of the variables used in the 
ASD of males (Table 6). Females of T. min- 

utum and T. platneri were analyzed sepa- 
rately using a subset of 12 variables from 
the ASD of females. Variables for each 
analysis were chosen using stepwise dis- 
criminant analysis based on a covariance 
matrix using species as the class variable 
(Table 6). The significance level for inclu- 

sion of variables was 0.15 as determined 
by a multivariate F-test. 

Principal component analysis: Principal 
component analyses were conducted us- 
ing variance-covariance matrices for the 

included variables. Raw and transformed 
logarithmic (base 10), and logarithmic 

(base e) data were investigated (Marcus 

1990), but only the results obtained from 

the logarithmic (base e) transformed data 

are presented. Those data were chosen be- 
cause they exhibited the smallest magni- 
tude and number of departures from nor- 
mality for variables within each species. 
Principal component analyses of males 
that compared pairs of species produced 
different results that were sometimes di- 
agnostic when results from the complete 
analysis were less or not at all diagnostic. 
For this reason, subset analyses compar- 
ing each pair of species were performed. 
The specimens for each subset analysis 
consisted of all the specimens of the pair 
of species examined from the males cali- 
bration dataset. The T. minutum complex 
was treated as a single unit in subset anal- 

yses. Subset analyses of females did not 
show additional resolution, and only the 
complete analysis of females is reported. 

Canonical variate analysis: Canonical 
variate analyses were conducted using 
raw data only. Subset analyses were con- 
ducted using various combinations of spe- 
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cies, but failed to show additional resolu- 

tion, and are not presented. 
The absolute value of standardized ca- 

nonical coefficients can be used to deter- 
mine the contribution of a variable to a 

canonical variate (Umphrey 1996). This 
process is not as simple as analyzing the 

loadings of variables into principal com- 
ponents (Reyment 1990), and conclusions 

based on these values must be made very 
carefully, if any are made at all (Woolley 

et al. 1994). However, these values were 

analyzed in this study with the caveat that 

conclusions more specific than an assess- 
ment of contribution to a variate cannot be 

made with confidence. 
Testing: Test datasets containing cul- 

tures of T. californicum for which repro- 
ductive compatibility data were not avail- 

able were analyzed using discriminant 
functions generated from the calibration 
datasets. 

Resampling: Canonical variate analysis, 
and discriminant analyses in general, have 

been found to introduce bias for class sep- 
aration such that they can produce results 
that are not robust to testing with new ob- 
servations (Lance et al. 2000). In order to 

test for replicability, an original variation 

of the standard jackknife resampling 
method was used for each canonical var- 

iate analysis. This consisted of removing 
all observations of a culture from the orig- 
inal dataset, with the remaining observa- 
tions becoming a new calibration dataset, 
while the removed observations were then 

used as a test dataset and classified using 

the linear discriminant function generated 

from the modified calibration dataset. This 
was repeated for each culture. This resam- 
pling method was chosen to illustrate the 
recommended method of using the linear 

discriminant function to classify unknown 
specimens, and to provide an expected 
classification error rate per culture for that 
method. 

Discriminant analysis test class: Males 

and females from five T. californicum cul- 
tures were analyzed only as a test class for 
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the calibration datasets because conspecif- 
icity with other cultures of T. californicum 
could not be verified through reproduc- 
tive compatibility. These specimens were 
used to test the discriminant functions de- 

rived from the calibration datasets. Test 
classes using specimens from the same 
cultures comprising the calibration dataset 
were not made as this would violate the 
assumption of independent sampling, 
leading to unrealistically optimistic re- 
sults. 

RESULTS 

Univariate and bivariate analyses.—Tables 

3 and 4 list the mean and standard devi- 

ation of each character by species for the 
respective sexes in the calibration data 
sets. Table 5 lists the ranges of ratios dis- 
cussed below. There was a_ pattern of 
overall size difference between the species 
in males, in the order of T. platneri > T. 

minutum > T. californicum > T. exiguum. 

The trend is similar in females, except that 

specimens of T. minutum were slightly 
larger than T. platneri. In no case could 
males or females of any species be sepa- 
rated without overlap using univariate or 
bivariate measures. Males of T. californi- 
cum and T. exiguum could be separated 
from those of the T. minutum complex us- 
ing the length of the longest flagelliform 
seta (Ifs) alone, with minor overlap (Table 

3, Fig. 3A). In T. californicum and T. exig- 
uum, this seta was 0.07 mm or less except 

for two large specimens of T. californicum 
(lfs = 0.071 mm and 0.073 mm), while that 

in the T. minutum complex was 0.071 mm 

or greater except for two small specimens 

of T. platneri (lfs = 0.063 mm and 0.068 
mm). The size of the specimens is best in- 
dicated by the correlated length of the me- 

tatibia, which was 0.180 and 0.196 mm in 

the same specimens of T. californicum and 
0.125 and 0.158 mm in the two specimens 

of T. platnert. 
Males of T. californicum can be separated 

from T. exiguum using a ratio of stigmal 
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Table 3. Univariate statistics for male characters. Means on top with standard deviations in parentheses, 

and range below. All units in millimeters. Character abbreviations explained in Table 2. 

Character T. californicum T. exiguum T. minutum I. platneri Average 

aed 0.136 (0.013) 0.114 (0.012) 0.151 (0.016) 0.153 (0.018) 0.146 (0.019) 

0.104-0.163 0.099-0.145 0.115-0.186 0.112-0.183 

apd 0.035 (0.003) 0.025 (0.002) 0.036 (0.003) 0.036 (0.003) 0.035 (0.004) 

0.028—0.045 0.020—0.030 0.030—0.044 0.028-0.043 

cla 0.091 (0.012) 0.087 (0.011) 0.107 (0.013) 0.108 (0.013) 0.103 (0.014) 

0.060-0.113 0.067—0.110 0.076—0.138 0.079-0.136 

clb 0.029 (0.004) 0.027 (0.006) 0.033 (0.006) 0.033 (0.006) 0.032 (0.006) 

0.020-0.038 0.018—0.040 0.018—-0.045 0.018—0.052 

cle 0.026 (0.005) 0.026 (0.006) 0.031 (0.004) 0.030 (0.005) 0.030 (0.005) 

0.015—0.035 0.015—0.039 0.019-0.041 0.020—0.039 

cld 0.019 (0.003) 0.018 (0.003) 0.022 (0.003) 0.022 (0.003) 0.021 (0.003) 

0.014—0.025 0.011—0.023 0.016—0.031 0.014—0.032 

gc} 0.046 (0.004) 0.041 (0.004) 0.046 (0.005) 0.050 (0.006) 0.047 (0.006) 

0.037-0.055 0.032-0.049 0.036—0.059 0.037-0.064 

ivp 0.038 (0.005) 0.034 (0.004) 0.043 (0.004) 0.024 (0.004) 0.041 (0.005) 

0.028—0.045 0.027-0.041 0.034—0.052 0.029-0.052 

Ida 0.080 (0.008) 0.066 (0.009) 0.086 (0.010) 0.093 (0.012) 0.086 (0.013) 

0.058-0.096 0.055-0.093 0.062—0.109 0.069-0.114 

ldl 0.014 (0.002) 0.011 (0.002) 0.016 (0.002) 0.016 (0.002) 0.015 (0.002) 
0.012-0.018 0.009-0.014 0.013-0.021 0.012-0.022 

Ifl 0.036 (0.003) 0.032 (0.004) 0.036 (0.004) 0.034 (0.003) 0.035 (0.004) 

0.029-0.043 0.025—0.040 0.026—0.046 0.027—0.043 

Ifs 0.063 (0.006) 0.060 (0.005) 0.086 (0.006) 0.080 (0.007) 0.079 (0.011) 

0.051—0.076 0.050—0.069 0.073-0.102 0.059-0.098 

lgc 0.133 (0.012) 0.112 (0.010) 0.146 (0.014) 0.150 (0.016) 0.142 (0.018) 

0.105—0.158 0.099-0.140 0.116-0.175 0.114-0.177 

Ihm 0.066 (0.005) 0.056 (0.006) 0.064 (0.006) 0.066 (0.005) 0.064 (0.006) 

0.055-0.079 0.043—0.069 0.051—0.079 0.054—0.080 

Imb 0.167 (0.017) 0.149 (0.021) 0.178 (0.024) 0.183 (0.025) 0.176 (0.025) 

0.130-0.201 0.114—0.203 0.127-0.237 0.125-0.228 

Isv 0.041 (0.004) 0.042 (0.005) 0.047 (0.006) 0.047 (0.005) 0.046 (0.006) 
0.034—0.051 0.034—0.057 0.033-0.063 0.037—0.062 

lwe 0.489 (0.044) 0.433 (0.050) 0.522 (0.060) 0.541 (0.060) 0.516 (0.064) 
0.373-0.592 0.342-0.558 0.384—0.654 0.394-0.685 

mta 0.035 (0.005) 0.030 (0.005) 0.034 (0.005) 0.035 (0.005) 0.034 (0.005) 

0.024—0.044 0.024—0.041 0.023-0.049 0.022-0.045 

mtb 0.039 (0.005) 0.033 (0.004) 0.039 (0.006) 0.040 (0.006) 0.039 (0.006) 
0.025—0.048 0.023-0.041 0.025-0.053 0.024—0.055 

mtc 0.031 (0.003) 0.029 (0.003) 0.033 (0.003) 0.033 (0.003) 0.032 (0.003) 

0.026-0.037 0.024—0.037 0.025—0.041 0.027—0.041 

sca 0.078 (0.009) 0.072 (0.010) 0.085 (0.009) 0.085 (0.010) 0.083 (0.010) 

0.060—0.095 0.052-0.093 0.066—0.110 0.063—0.110 

spa 0.026 (0.003) 0.024 (0.003) 0.029 (0.003) 0.030 (0.003) 0.028 (0.004) 
0.020—-0.033 0.017—0.033 0.023-0.036 0.021—0.037 

spb 0.029 (0.005) 0.029 (0.004) 0.033 (0.004) 0.035 (0.004) 0.032 (0.005) 

0.018—0.038 0.023-0.039 0.023-0.041 0.023-0.044 

wdl 0.037 (0.003) 0.036 (0.003) 0.041 (0.004) 0.042 (0.005) 0.040 (0.005) 

0.030—0.042 0.032-0.042 0.032-0.051 0.030—0.053 

wegc 0.047 (0.004) 0.042 (0.005) 0.049 (0.005) 0.051 (0.007) 0.048 (0.006) 

0.038—0.056 0.034—0.051 0.037—0.061 0.037—0.064 

WSV 0.006 (0.001) 0.005 (0.001) 0.005 (0.001) 0.006 (0.002) 0.006 (0.001) 

0.003—0.009 0.004—0.007 0.003—0.008 0.004—0.011 

wwg 0.279 (0.029) 0.239 (0.030) 0.291 (0.036) 0.309 (0.039) 0.290 (0.040) 

0.202-0.349 0.187-0.315 0.208-0.37° 0.222-0.424 
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Table 4. Univariate statistics for female characters. Means on top with standard deviations in parentheses, 

and range below. All units in millimeters. Character abbreviations explained in Table 2. 

Character T. californicum T. exiguum T. minutum T. platneri Average 

dtv 0.038 (0.003) 

0.033-0.043 

0.034 (0.004) 

0.027—0.040 

0.037 (0.004) 

0.026—0.050 

0.034 (0.004) 

0.026—0.042 

0.036 (0.004) 

lev 0.089 (0.008) 0.084 (0.010) 0.087 (0.009) 0.086 (0.009) 0.087 (0.009) 
0.073-0.102 0.066-0.098 0.069-0.106 0.067-0.105 

Ifa 0.016 (0.003) 0.015 (0.002) 0.017 (0.003) 0.017 (0.003) 0.016 (0.003) 
0.012-0.023 0.011-0.019 0.011-0.026 0.010-0.024 

Ifb 0.013 (0.002) 0.011 (0.002) 0.013 (0.002) 0.013 (0.003) 0.013 (0.002) 
0.010-0.017 0.008-0.015 0.006-0.020 0.008-0.020 

lfc 0.015 (0.003) 0.012 (0.002) 0.013 (0.002) 0.013 (0.002) 0.013 (0.002) 
0.009-0.022 0.010-0.016 0.007-0.022 0.009-0.019 

Ifd 0.015 (0.003) 0.013 (0.003) 0.013 (0.002) 0.013 (0.002) 0.013 (0.003) 
0.010-0.021 0.007-0.018 0.007-0.019 0.008-0.019 

Ifl 0.034 (0.003) 0.030 (0.002) 0.035 (0.004) 0.034 (0.003) 0.034 (0.004) 
0.029-0.043 0.027-0.036 0.026-0.046 0.022-0.044 

lhm 0.065 (0.010) 0.059 (0.004) 0.064 (0.006) 0.067 (0.007) 0.065 (0.007) 
0.051-0.085 0.052-0.065 0.048-0.081 0.050-0.082 

Isv 0.041 (0.005) 0.044 (0.007) 0.045 (0.006) 0.045 (0.006) 0.044 (0.006) 
0.031-0.050 0.035-0.061 0.032-0.060 0.033-0.062 

Itv 0.037 (0.003) 0.035 (0.004) 0.037 (0.004) 0.035 (0.004) 0.036 (0.004) 
0.032-0.042 0.029-0.040 0.026-0.048 0.025-0.043 

lwg 0.519 (0.062) 0.463 (0.064) 0.516 (0.067) 0.532 (0.071) 0.519 (0.070) 
0.406-0.651 0.379-0.571 0.373-0.661 0.381-0.670 

mta 0.046 (0.007) 0.037 (0.006) 0.042 (0.007) 0.042 (0.007) 0.042 (0.007) 
0.032-0.062 0.028-0.047 0.027-0.059 0.026-0.061 

mtb 0.048 (0.005) 0.040 (0.004) 0.046 (0.007) 0.046 (0.007) 0.046 (0.007) 
0.037-0.058 0.032-0.044 0.031-0.062 0.028-0.059 

mtc 0.035 (0.004) 0.032 (0.003) 0.034 (0.004) 0.034 (0.004) 0.034 (0.004) 
0.028-0.043 0.027-0.038 0.026-0.044 0.025-0.045 

ovp 0.185 (0.018) 0.180 (0.024) 0.201 (0.023) 0.195 (0.025) 0.196 (0.024) 
0.152-0.222 0.143-0.218 0.145-0.245 0.136-0.233 

sca 0.096 (0.011) 0.090 (0.012) 0.098 (0.012) 0.098 (0.012) 0.097 (0.012) 
0.075-0.122 0.072-0.110 0.068-0.124 0.072-0.124 

spa 0.027 (0.002) 0.024 (0.004) 0.028 (0.003) 0.029 (0.003) 0.028 (0.003) 
0.023-0.033 0.017-0.028 0.022-0.037 0.019-0.036 

spb 0.033 (0.005) 0.031 (0.005) 0.033 (0.004) 0.034 (0.004) 0.034 (0.005) 
0.024-0.043 0.021-0.038 0.023-0.043 0.022-0.046 

svi 0.151 (0.016) 0.146 (0.021) 0.164 (0.020) 0.162 (0.022) 0.161 (0.021) 
0.119-0.183 0.116-0.181 0.113-0.205 0.108-0.201 

wfa 0.016 (0.002) 0.017 (0.002) 0.017 (0.002) 0.017 (0.002) 0.017 (0.002) 
0.013-0.021 0.013-0.022 0.014-0.021 0.010-0.022 

wib 0.013 (0.001) 0.014 (0.002) 0.015 (0.001) 0.014 (0.002) 0.014 (0.002) 
0.010-0.016 0.011-0.018 0.011-0.018 0.011-0.019 

wfc 0.016 (0.002) 0.017 (0.002) 0.016 (0.001) 0.016 (0.002) 0.016 (0.002) 
0.012-0.019 0.013-0.020 0.013-0.020 0.012-0.020 

wd 0.013 (0.002) 0.014 (0.002) 0.014 (0.001) 0.014 (0.001) 0.014 (0.001) 
0.011-0.017 0.011-0.016 0.012-0.018 0.011-0.019 

wsv 0.007 (0.001) 0.005 (0.001) 0.005 (0.001) 0.006 (0.001) 0.006 (0.001) 
0.004—0.009 0.004—0.007 0.004—0.009 0.004—0.010 

wtv 0.011 (0.002) 0.010 (0.002) 0.011 (0.002) 0.010 (0.002) 0.011 (0.002) 
0.007-0.014 0.007-0.013 0.006-0.015 0.007-0.014 

wwe 0.287 (0.040) 0.248 (0.038) 0.277 (0.041) 0.290 (0.046) 0.281 (0.043) 

a 

0.216-0.370 0.197-0.314 0.192-0.376 0.195-0.382 
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Table 5. Ranges of ratios plotted in Figs. 3A-3E. 

77 

Ratio T. californicum T. exiguum I. minutum T. platneri 

lfs/wwg 0.59-0.73 0.66—0.80 0.60-0.87 0.57-0.78 
Isv/apd 0.79-1.38 1.36-1.93 0.97-1.71 1.06-1.58 

ovp/mtb 3.42-4.26 4.06-5.01 3.62—5.27 3.66—5.80 

ovp/wwg 0.59-0.73 0.66—0.80 0.60-0.87 0.57-0.78 

lfs/Ige 0.22-0.35 0.24—0.40 0.19-0.35 0.17-0.38 
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Fig. 3. A-E. Bivariate scatterplots. A, Longest flagelliform seta length vs. forewing width, all species. B, 

Stigmal vein length vs. apical distance, T. californicum and T. exiguum. C, Ovipositor length vs. 2nd metatarsal 

segment length, T. californicum and T. exiguum. D, Ovipositor length vs. forewing width, T. minutum and T. 

platneri. E, Longest flagelliform seta length vs. genital capsule length, all species. F, First two principal com- 

ponents of the male calibration data set, proportion of sample variance in parentheses. 
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Plots of first two principal components of selected analyses, proportion of sample variance in paren- 

theses. A, Subset analysis of T. californicum vs. T. minutum complex males. B, Subset analysis of T. exiguum 

vs. T. minutum complex males. C, Subset analysis of T. minutum vs. T. platneri males. D, Female calibration 

data set. E-F. Plots of selected canonical variates for males. 

vein length (Isv) and apical distance of the 
genital capsule as measured from the base 
of the intervolsellar process to the apex of 
the parameres (apd) (Table 5, Fig. 3B) with 

overlap involving only one small speci- 
men of T. exiguum. In T. californicum, the 
ratio of Isv/apd was less than 1.40, while 

it was greater than 1.45 in T. exiguum ex- 

cept for the single unusual specimen (Isv / 
apd = 1.36; metatibial length = 0.135 
mm). 

Males of T. minutum and T. platneri 
could be partially separated using a ratio 
of length of the longest flagelliform anten- 
nal seta to fore wing width (wwe) (Fig. 

3A). In 79% of T. minutum males, this ratio 
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Table 6. Variables selected for multivariate comparisons using stepwise discriminant analysis, listed in 

descending order of final F value. Bolded variables were selected in four or more separate analyses of males. 

Comparison 
Total # of 

Variables variables /27 

Males 

All species Ifs, apd, wdl, wwg, gcj, mta, Ida, spb, mtb, cla, Imb, wee, 19 

wsv, sca, ivp, lgc, aed, mtc, Isv 

T. californicum vs. Ifs, mta, wgc, mtb, apd, wsv, lgc, cla, wdl, Idl, mtc, Ida 12 

T. minutum complex 

T. californicum vs. lec, Isv, sca, wwg, spb, lhm, cle, gej 8 

T. exiguum 

T. exiguulm vs. Ifs, Ida, lmb, apd, ivp, spb, gcj, mta, wwg, wdl 10 

T. minutum complex 

T. minutum vs. gcj, lfs, wwg, wgc, Ida, wdl, sca, Ifl, aed, apd, ivp, mtb, spb 13 

T. platneri 

Females 

All species Isv, Imb, Ifl, ovp, lev, dtv, mta, ltv, spa, mtb, svf, lwg, mtc, 16 

wwe, wsv, lhm 

T. minutuim vs. 

T. platneri 

Ifl, Isv, lev, ovp, wwe, dtv, svf, spb, lwg, Ihm 10 

was greater than 0.28, while it was 0.28 or 

less in 78% of T. platneri males. 
In no case could females of any species 

be completely separated using univariate 
or bivariate measures, but partial segre- 

gation could be found here in ratios in- 
volving ovipositor length (ovp). Over 90% 
of T. californicum specimens had a ratio of 
ovipositor length to 2nd metatarsal seg- 
ment length (mtb) of less than 4.25, while 

in 80% of T. exiguum specimens the ratio 
was greater than 4.25 (Table 5, Fig. 3C). 
The ratio of ovipositor length to fore wing 
width (wwg) provided the best bivariate 
separation of T. minutum and T. platneri 
females (Fig. 3D), although because of the 

considerable overlap this would not be a 
useful characteristic for identification (Ta- 

ble 5). In 70% of T. platneri specimens, 

ovp/wweg was less than 0.7, while it was 
greater than 0.7 in 70% of T. minutum 
specimens. 

Principal component analysis.—The com- 
plete analysis of males output no compo- 
nents with strong diagnostic power, but 

some rough groupings of species were ap- 

parent (Fig. 3F). Complete separation was 

obtained between T. exiguum and the T. 
minutum complex based on the first and 

second components. Partial separation 
was obtained between T. californicum and 

the T. minutum complex based on those 
Same components, with most of the over- 
lap involving T. platneri. The first compo- 
nent appeared to be strongly size correlat- 
ed with all loadings large and positive 
(Table 7). Longest flagelliform seta length 

(Ifs) loaded strongly onto the second com- 

ponent (Table 7). The influence of this 
character is consistent with the findings of 
the univariate analyses. Although the re- 
maining components in each analysis con- 

tained a significant proportion of the var- 
iance, they had no more diagnostic value 
than the first two components and are not 

reported. 
Subset analyses: In the analysis compar- 

ing T. californicum and T. minutum com- 

plex males only, the second component 
(Fig. 4A) could be used to separate spe- 
cies, with only one exception, a T. califor- 
nicum specimen from CAYK. All other T. 

californicum specimens were scored at ~—1] 
or less on this component, while all T. 

minutum complex specimens were scored 
at —0.924 or above. The only variable with 
a high loading on this component was lon- 
gest flagelliform seta length, which is con- 
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Eigenvalues and loadings for the first two principal components of the covariance matrix of the 

transformed male and female calibration datasets for all species, and the subset analyses of T. minutum 

vs T. platneri, the T. minutum complex vs T. californicum, and the T. minutum complex vs T. exiguum. Variables 

selected by stepwise discriminant analysis (Table 6). 

T. minutuimn T. minutum 

All species, T. minutum vs _complex vs complex vs All species, 
males T. platneri T. californicum T. exiguum females 

Variable PCI PE? PC1 PE2 PCl PC2 PC) FEZ Variable Pel PC2 

Eigenvalue 0.216 0.018 0.123 0.013 0.137 0,709 0.148 0.779 Eigenvalue 0.211 0.034 
Proportion 0.715 0.064 0.727 0.075 0.709 0.090 0.778 0.072 Proportion 0.690 0.112 

aed 0.95 0.05 0.97. —0.10 — = — — dtv 0.69 0.24 

apd 0.83. =0:09 0.84 0.14 = — 0.86 0.36 lev 0.92 0.07 

cla 0.87 0.28 — — 0.88 0.27 = — Ifl =().02 0.09 

gc} 0.88 —0.20 Q:92*  -=0127 0:88° —0.17 0:90. 0:21 Ihm 0.74 0.01 

ivp — = 0.66  —0.07 — al 0.74 0.37 Imb 0.97 0.03 

Ida 0:93: 0:07 0.94 —0.13 — a 0.95 —0.04 Isv O77 0:18 

Idl 0.73 0.09 — _ 0.74 0.15 — — Itv 0.75 0.22 

Ifl 0.01 0.01 = 0,01 0.80 — _— — — lwe 0.98 0.01 

Ifs 0.63 0.70 0.61 0.36 0.63 0.68 0.76 0.57 mta 0.93 0.03 

lec 0.96 0.03 — — 0.95 0.05 — = mtb 0.92 0.10 

Ihm 0.63 —0.34 = — 0:63; —0'37 — — mtc 0.90 0.01 

Imb 0:97 =—0:11 — — _ — 0.96 —0.14 ovp 0.93 0.21 

Isv 0.78 0.26 — — — — = spa 0.80 0.10 

mta 0:85: 0°39 — — 0:86" =0:37 0.88 —0.21 svf 0.93 0.18 

mtb 0.86 —0.22 0.87 0.28 0.87. —0.24 a= _ WSV 0.50 —0.86 

sca 0.94 0.01 0.93 0.10 — — os --- wwg 0.96 —0.04 

scb 0.86 0.19 0.84 0.14 0.87 0.19 — — 

wdl 0.83 0.09 0.84 —0.14 0.83 0.13 0.86 —0.15 

wec 0.91 —0.14 0.94 —0.23 0.90 —0.11 0.84 —0.16 

wwe 0.94 —0.12 0.94 0.09 0.94 —0.14 O96; Old 

sistent with the univariate separation in- 
volving this variable (Table 3). 

In the analysis comparing T. exiguum 

and T. minutum complex males, a com- 
plete separation is evident based on the 
first two components (Fig. 4B). The first 

component had high loadings of all vari- 
ables, and is assumed to represent size. 
Longest flagelliform seta length loaded 
strongly onto the second component (Ta- 
ble 7). 

The analysis involving only males of T. 

minutum and T. platneri output no com- 
ponents with strong diagnostic power 

(Fig. 4C). No component except for the 
first had high loadings of both longest fla- 
gelliform seta length and fore wing width, 
so the partial bivariate separation found 
using these variables was not upheld in 
this analysis. 

In the principal component analysis of 

all females, no component or simple com- 
bination of components proved to have di- 
agnostic value (Fig. 4D). Only the first 

component had high loadings of oviposi- 
tor length, 2nd metatarsal segment length, 
or fore wing width, implying that the par- 
tial segregations reported above using 
these variables were correlated with size. 
This in itself does not invalidate those pat- 
terns, because the first component may 
contain shape as well as size information 
(Marcus 1990). 

Canonical variate analysis.—Males of all 
species could be discriminated with an 
overall error rate of 1.35% in the calibra- 
tion dataset (Table 8). Most of the classi- 

fication errors involved T. minutum and T. 
platneri, but one small specimen of T. plat- 
neri (metatibial length = 0.158 mm) was 

identified as T. californicum. This specimen 
was one of the two that overlapped with 
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Table 8. 

error rates. 

181 

Results of linear discriminant reclassification of males using the canonical variate results, with 

Number classified into species 

From T. californicum T. exiguum T. minutum l. platneri Total % Error 

T. californicum 30 0 0 0 30 0 

T. exiguum 0 19 0 ) 19 ) 

T. minutum 0 0 98 102 5.92 

T. platneri 1 ) ) 67 68 1.47 

Total 31 19 98 71 219 135 

the grouping of T. californicum in the uni- 
variate comparison involving longest fla- 
gelliform seta length (Ifs) (Fig. 3A). The 

best separation of T. californicum and T. 
exiguum from the T. minutum complex was 
found along the first canonical variate 
(Fig. 4E), with minor overlap between T. 

californicum and T. platneri. Longest flagel- 
liform seta length (lfs), genital capsule 
width at base of dorsal lamina (gcj), and 
genital capsule width at its widest point 
(wgc) appeared to contribute the most to 
this variate according to their standard- 
ized canonical coefficient values (Table 9). 

The large contribution of Ifs is consistent 

with the univariate separation of these 
species mentioned earlier, but the relation 
of the contribution of this variable to that 
of the genitalic characters is not clear. A 
plot of Ifs and Igc (Fig. 3E) resembles the 
plot of the first two canonical variates, ex- 
cept that the clouds of points are not cir- 
cularized as in plots of canonical variates. 
This similarity helps demonstrate the 
probable relationship between these raw 
variables and the canonical variate results. 

Trichogramma exiguum was best separat- 
ed from T. californicum and T. platneri 
along the second canonical variate (Figs 
3E, 3F). Interpretation of the standardized 

Table 9. Raw and standardized canonical coefficients for males. 

Raw coefficients Standardized coefficients 

Char. CANI CAN2 CAN3 CANI CAN2 CAN3 

Constant —14.70 —1.97 0.43 — -- -- 

aed 38.49 —0.90 82.63 0.75 —0.02 1.60 

apd 48.36 —198.70 288.18 0.21 —0.87 1.26 

cla 19.38 31.92 —34.96 0.28 0.47 —0.51 

gc —391.19 —197.72 —286.84 = 2°35 —1.19 —1.73 

Ida = 24.21 —112.43 —118.33 —0.31 — J 42 —1.49 

Idl 92.14 —101.29 —59.61 0.22 =(),25 —0.14 

Ifl 46.24 —8.76 63.29 0.17 —0.03 0.24 

Ifs 198.05 12.35 = 16:67 2.26 0.14 —0.13 

lgc 81.68 —10.89 —67.31 1.43 —0.19 —1.18 

Ihm —35.83 5.77 —16.77 —0.27 0.04 —0.13 

Imb —24.26 66.63 19.43 —0.61 1.67 0.49 

Isv 3.63 70.05 —45.05 0.02 0.43 —0.28 

mta = 15.54: —8.43 112.11 —(0.61 —0.04 0.59 

mtb —80.94 =77.57 51.38 —0.47 —0.45 0.30 

sca 42.31 83.32 58.40 0.42 0.83 0.58 

spb —102.45 66.03 —95.80 —0.46 0.30 —0.43 

wdl 88.38 243.56 —47.55 0.41 V2: —0.22 

wgc 187.24 116.12 284.56 1.13 0.70 1.71 

wwe —10.54 —45.62 —16.59 —0.42 = 1.63 —0.66 
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Table 10. 

error rates. 
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Results of linear discriminant reclassification of females using the canonical variate results, with 

Number classified into species 

From T. californicum T. exiguum 

T. californicum 29 0 

T. exiguum 0 IK; 

T. minutum 2 2 

T. platneri 3 2 

Total 34 17 

T. minutum T. platneri Total % Error 

| 0) 30 SF) 

| | lo 13:3) 

99 19 122 18.9 

1] 76 92 17.4 

112 96 299 13.2 

canonical coefficients of this variate can- 

not be made with confidence because of 

relatively large contributions of variables 
from many different body regions. 

Trichogramma platneri and T. exiguum 
were weakly separated from T. minutum 

and T. californicum along the third canon- 
ical variate (Fig. 4F). The weak segregation 
along this variate, although of minor val- 

ue taken alone, enhances the discrimina- 

tory power of the analysis when used in 

combination with the other variates. Six 

characters, all from the male genitalia, 
contributed strongly to this variate: aedea- 
gus length (aed), apical distance (apd), 

genital capsule width at base of dorsal 
lamina (gcj), dorsal aperture length (Ida), 

genital capsule length (lgc), and genital 
capsule width at widest point (wgc). All 

except aedeagus length describe the shape 
of the genital capsule. 

In the analysis of the calibration dataset 

T. calfornicum) 

0 

CANI (48.5%) 
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theses on axis labels. 
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for females, specimens were identified 

with an overall error rate of 13.2%, mostly 

involving misidentification of T. minutum 
into T. platneri and vice versa (Table 10). 
Trichogramma californicum was weakly 

separated from the other species along the 
first canonical variate (Fig. 5A). The larg- 
est contribution to this variate was made 

by ovipositor length (ovp) (Table 11), but 

there were large contributions from me- 

tatibial length (Imb) and 2nd_ valvifer 

length (svf). It is likely that this represents 

part of the strong diagnostic power found 
using ratios involving ovipositor length, 
with other variables either correlating 
with it or correcting it for body size vari- 

ation. Trichogramma platnert was weakly 
separated from the other species along the 
second canonical variate. This variable has 

little discriminatory value taken by itself, 

but it enhances the discriminatory power 
of the analysis when used in combination 

2 
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. Plots of selected canonical variates for females. Proportion of sample variance given in paren- 
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Table 11. Raw and standardized canonical coefficients for females. 

Raw coefficients Standardized coefficients 

Char CANI1 CAN2 CANS CAN] CAN2 CAN3 

Constant 7.62 7.58 9.02 — — = 

dtv 56.90 —99 86 177.75 0.24 0.42 0.74 

lev 28.82 — 154.06 —4.65 0.26 1.38 —().04 

Ifl —96.06 —53.47 135.13 —0.34 0.19 0.48 

Ihm 24.43 37.08 =15.i15 0.18 0.27 —0.11 

Imb 59.94 —35.83 —94.04 1.60 0.95 =2.51 

Isv —74.81 —121.66 =95.35. —0.47 —0.76 —0.60 

Itv 195.85 —113.24 —195.16 0.80 —0.46 —0.80 

lwg —18.43 27.79 5.98 —1.28 1.93 0.42 

mta 115.19 =N7.23 159.81 0.83 =0.12 1.16 

mtb 72.00 7221 118.62 0.49 0.49 0.81 

mtc —40.75 —144.59 =/3:09 —0.16 —0.57 —().29 

ovp —245.01 —54.42 150.43 =):05 —1.30 3.59 

spa —59.46 138.88 15121 —0.20 0.47 0.51] 

svf 134.46 76.00 —137.42 2.82 1.59 —2.88 

WSV 157.47 29.18 262.31 0.18 0.03 0.31 

wwe 725 25.26 6.42 O75 1.09 0.28 

with the other variates. Interpretation of 

this variate is not clear, as a number of 

different characters from different body 
regions contributed strongly to this axis. 
Trichogramma minutum and T. californicum 
were weakly separated from T. platneri 
and T. exiguum along the third canonical 
variate (Fig. 5B). It is similar to the first 

variate in that ovipositor length contrib- 
uted very strongly, with high loadings in- 
volving metatibial length, Ist metatarsal 
segment length (mta), and 2nd valvifer 

length. Even though this variate and the 
first appear to represent similar sources of 
variation, it is certain that they do not be- 

cause canonical variate analysis requires 
that each variate be uncorrelated with the 
others. 

Resampling: Resampling to determine 
appropriate rates for error of identification 
was done for cultures of T. minutum and 

T. platneri alone, because the method re- 
quires a larger sample size of populations 
relative to specimens than was practical 

for T. californicum and T. exiguum, with the 
result that resampling error rates would 
tend to be misleadingly high for those spe- 
cies. There was an overall resampling er- 

ror rate of 11.76% for males and 29.44% 

for females (Table 12). Specimen misclas- 
sification is more common for certain cul- 

tures than for others, and was much high- 

er in females than in males. Ambiguous 

results (40% error rate or more) for both 

sexes were rare, occurring in only 2 of the 

37 cultures analyzed (MCVA, MWTYV), 

which were also the only cultures ambig- 

uously classified using males. Males of 

most of the cultures (24) were identified 

with no errors. A total of 11 cultures were 

ambiguously classified or misclassified in 
females, with highly misleading results in 

some cases. Sample size was 3 or less in 4 

of the 11 cultures, but 8 out of 10 females 

were misidentified from PPND, while 

none of the 5 males was misidentified. 

This is taken as a strong indication that, 

despite the possibility of classifying fe- 
males using these results, males should be 

used for more accurate determination. 

Discriminant analysis test class: Males 
and females of the five cultures of T. cali- 

fornicum without reproductive data were 

analyzed as separate test classes classified 
using results from the analyses of the cali- 
bration datasets. Among these were the ho- 
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Table 12. Error rates of resampling cultures in the canonical variate analyses of males and females com- 

pared with the error rates from the unmodified analyses. Sample sizes are those in Table 1. 

# Misclassified 
in calibration 

# Misclassified Resampling 
in resampling % error 

Locality Male Female Male Female Male Female 

T. minutum 4 Zi 6) 38 12.75 31:15 

MABQ 0) 0) 1 0 20 

MBGS 0) 2 0) 2 0 25 

MBFY l 0 1 0 3050 0) 

MCVA 0) 0) 5 6 50 60 

MCLB 0) 0) 0) 0) 0 0) 

MDRY 0) ] @) 2 0 28.57 

MFFD 0 1 0) ] 0) 16.67 

MFRU 0 4 1 5 25 83.33 

MHND 0) 1 0) D: 0) 28.57 

MKNB 0 ] 0 2 0) 22:22. 

MKKW — ] — 1 — 25 

MMDsS 0) 0) 0 il 0) 16.67 

MEAD 0) 3 0 4 @) 66.67 

MONT 0 O 2 0) 100 

MRHH 0 O 0) 0 0) 0 

MSPL 0) 0 0 2 0) 25 

MSMT 0 1 0) i 0) 20 

MSMN ) 2 0) 2 ) 66.67 

MSGD 0 0 iT | 25 50 

MTRP 0 0) 0) 2 0 25 

MWEN 0 1 ] 20 25 

MWTV S 4 1 40 50 

T. platneri 1 13 7 25 10.29 277 

PBCK 0 @) O 2 0 33.33 

PCLV 0 0) il 0) 20 0 

PCHL 0) 0 0) 20 0) 

PELT 0) 1 0 1 0 25 

PGRB 0) 1 0 ps 0) 66.67 

PGRN 0 0 ) 0) 0 0) 

PJRV 0) 0 0) 0 0) 0) 

PJUL 0) 2: 0) 3 0) ihe) 

PLIB 0 3 il 4 20 44.44 

PNWC 1 0) 0) 0) 0 0 

PPND 0) 5 0) 8 0 80 

PRV1 0 0) 2 @) 2D? O 

PSUM 0 0 1 0) 25 0) 

PWWL 0 0 O 2 0 33:33 

PWTS 0 l 1 3 2() 30 

Total all cultures 5 34 20 63 11.76 29.44 

lotype male and allotype female from Al- 
turas, CA (CAAL). Of 12 males and 6 fe- 

males (Table 1), the only misidentified 

male was one from CAGB, which was 

identified as T. platneri. The holotype male 
was identified as T. californicum with 100% 

certainty, but the allotype female was iden- 

tified as T. minutum. The only other mis- 

identified female was a specimen from 

CAGB, which was identified as T. exiguum. 

DISCUSSION 

In males, only species of the T. minutum 
complex could not be distinguished with 
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high confidence using univariate or bivar- 
iate analyses, but in all cases where such 
separation was possible the differences be- 
tween species were very slight, being mea- 
sured in thousandths of a millimeter. We 
do not recommend using these results by 
themselves for diagnosis, as the already 

established morphological characters (Pin- 
to 1999) are no less accurate and are in 

most cases as easy to assess. The partially 
discriminating ratios given for T. minutum 

complex males and for females of all four 
species should prove more useful, but the 

probability of error even in the best of 
these cases is so high that final diagnosis 
should not be performed using these char- 
acters alone. 

The results of the principal component 
analyses were at best only slightly more 
diagnostic than the best univariate and bi- 
variate separations. This is not surprising 
considering that most diagnostic compo- 
nents show strong loadings of the vari- 
ables singled out as diagnostic in univar- 
iate and bivariate analyses. The lack of 
complete separation between T. californi- 
cum and T. platneri indicates that morpho- 
logical overlap between the two species is 
a reality, at least where large specimens of 

T. californicum and small specimens of T. 
platneri are concerned. 

Neither males nor females of T. minu- 
tum and T. platneri could be separated us- 
ing the principal component results, and 
canonical variate analysis separated them 
only with some overlap and with a higher 
degree of accuracy for males over females. 
These morphological data alone do not 
clearly support the notion of these as dis- 
tinct species, but the species are clearly 
segregated by allozymic data and mutual 
reproductive incompatibility (Pinto et al. 
1992, Burks and Pinto 2002). These data 

provide for the first time a morphological 
means of identifying T. minutum and T. 
platneri, albeit with some error, and they 
should facilitate quality control in insec- 
taries that rear both species and in biolog- 
ical control programs that potentially in- 
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volve both species. Identification remains 
difficult, however, requiring nineteen 
measurements for each male specimen, 
sixteen for each female specimen, and ca- 
nonical variate analysis. The measure- 
ments must be accurate to a thousandth of 
a millimeter, and all relevant features 

must be clearly discernable and not dis- 
torted for each specimen. It is also rec- 
ommended that ten specimens, preferably 
males, of each culture or population be 
measured to avoid misclassification. These 
difficulties make morphological identifi- 
cation about as difficult as identification 
using electrophoresis or crossing with cul- 
tures of known identity, and with less ac- 
curacy. Nevertheless, situations exist in 

which morphological identification is nec- 
essary, such as when dealing with dead 
specimens that are not preserved properly 
for electrophoresis. 

One of the major questions in the tax- 
onomy of Trichogramma important to bio- 

logical control is whether the difference 
between T. minutum and T. platneri is one 
of species rank. These results do not an- 
swer that question, but they provide more 
information. Previously, the difference be- 

tween the two was electrophoretic differ- 
ences at two allozymic loci and mutual re- 
productive incompatibility (Pinto et al. 
1991, 1992). Stouthamer et al. (2000) re- 

cently found that the two species did not 
differ in ITS2 sequence, which is a genetic 
region capable of separating morphologi- 
cally distinct species of Trichogramma 
(Stouthamer pers. comm.). Canonical var- 

iate analysis indicates that there are mor- 
phological differences, but these differenc- 
es are complex and involve broad overlap, 
and we do not consider separations found 
in canonical variate analysis alone as 

strong evidence for species separation be- 
cause of the strong bias for class separa- 
tion inherent in the method (Lance et al. 

2000). This does not necessarily imply that 

T. minutum and T. platneri are not distinct 

species, but that the morphological differ- 
ence between them is insufficient to sug- 
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gest that they are fully discrete entities. 
However, these results can be used to 
identify Trichogramma cultures and field- 

collected populations. The culture-level 
resampling results (Table 12) give an over- 

all error rate that should approximate the 
error encountered in classifying new spec- 
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imens using the results of this study. Spec- 
imens suspected of belonging to species 
not included in this study can be singled 
out by treating them as separate groups in 
the species class variable, but corroborat- 

ing evidence is ultimately necessary to 
confirm their identity and distinctness. 

KEY TO MALE TRICHOGRAMMA ANALYZED IN THIS STUDY 

[This identification key can be used as a supplement to the key to North American males of 

Trichogramma (Pinto 1999). The canonical variates must be calculated using the product of the raw 

coefficients and measurements, and corrected for the additive constant generated from the anal- 

yses of the males calibration dataset (Table 9). Identification is also possible using discriminant 

analysis, which is preferable for identifying females and T. minutim complex males. Percentages 

given in parentheses for certain values indicate the proportion of applicable specimens in the 

calibration dataset for which the statement holds true.] 

1. Longest flagelliform antennal setal length (lfs; 21-23, Fig. 1) = 0.7 mm (94%). CAN] < 

319670), Leis: 07 mm then CANT = =2) oowia.24 bah tbs eed soe os bine Bib ees 2 

1’. Longest flagelliform antennal setal length > 0.7 mm (99%). CAN1 > —2.65 (100%) 

Ratio of stigmal vein length (53-54, Fig. 1) to apical distance in genital capsule (10-12, 

Fie L(isv/apd) = 1.4 (100%) CAN — 13 (00%) «2544 sts ete huansceese 
N 

T. californicum 

2'. Ratio of stigmal vein length to apical distance > 1.4 (95%). CAN2 > —0.25 (100%) ..... 

Ratio of longest flagelliform seta length (lfs; 2 

1) (lfs/wweg) > 0.28 (79%). CAN3 > —0.35 (82%) 
= 1-23, Fig. 1) to fore wing width (59-60, Fig. 

T. exiguum 

T. minutum 

3’. Ratio of longest flagelliform seta length to fore wing width (lfs/wwg) = 0.28 (78%). CAN3 
< —0.34 (88%) 
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Abstract.—Melittobia digitata Dahms is an ectoparasitoid of solitary bees and wasps that can 

develop into two wing morphs. Clutch size and nutrition of the immature have been suggested 

to induce the morph differentiation in this parasitoid, although supportive data on the effects of 

nutrition on the morph differentiation is lacking. Here we describe the larval development of the 

wing morphs and the feeding behavior of M. digitata to support the development of an in vitro 

rearing system and further studies on the role of nutrition on the morph differentiation of M. 

digitata. Morphs were produced by rearing the parasitoid at two larval densities (20 and 200 

larvae/host), with short wing morphs (GWM) developing from the small clutch and long wing 

morphs (LWM) from the large one. Morphs had similar larval morphology in all four larval 

instars. However, development from egg to adult of the SWM was shorter than the LWM (10.1 

d vs. 14.5 d). Fourth instars of the SWM developed more slowly than the LWM (85.6 h vs. 46.4 

h), while the pupal stage of the LWM was twice as long as that of the SWM (241.8 h vs. 109.0 h). 

Larvae of M. digitata were found to feed on host hemolymph soon after eclosion (12 h), and require 

0.79 jl/hemolymph to complete their development. Larval mandibles were too short to penetrate 
or cause significant damage to the host’s cuticle, and they might be used only to anchor the larva 

to the host. Our description of the mouth apparatus of the parasitoid larva, coupled with the data 

obtained on the host utilization, supports the hypothesis that the early stages of development of 
this parasitoid obtain the host’s hemolymph through the pore canals of the cuticle of the host. 

Melittobia Westwood (Hymenoptera: 

Eulophidae) are ectoparasitoids of a broad 

range of solitary wasps and bees (Dahms 

1984), and some species can also develop 
on a variety of facultative hosts in labo- 
ratory conditions (R. Matthews, person. 

com.). Melittobia can invade the cell hous- 

ing its host at any stage of the host devel- 

opment, and wait until the host reaches 
the most appropriate stage for parasitiza- 

tion (Dahms 1984). The host’s pupae are 

preferred, but late last larval instar or 

pharate pupae are also accepted (Dahms 

1984). Melittobia may develop into two dif- 

ferent wing morphs depending on their 

clutch size (Schmieder 1933, Freeman and 

Ittyeipe 1982). Wing dimorphism is com- 
mon among Melittobia, and it has been 

demonstrated not to be a specific genetic 

trait (Dahms 1984). The intraspecific com- 

petition experienced early during the lar- 

val development (clutch size) and/or the 

nutrition of the larvae were suggested to 
be the factors that influence wing morph 
differentiation of this parasitoid (Schmied- 
er 1933, Freeman and _ Ittyiepe 1982). 

Schmieder (1933) suggested that larval nu- 

trition would trigger the morph differen- 

tiation in Melittobia because the proportion 

of long wing morph (LWM) increased 

with the size of the clutch and both 

morphs were found to develop from in- 

termediate-sized clutches (Schmieder 

1933). In preliminary studies, we added to 
Schmieder’s nutritional hypothesis that 

the longer the larva would feed on a high 

quality /low energetic-cost diet, higher the 

proportion of the short wing morph 
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should be produced. This hypothesis re- 
lies on the fact that the larva would ex- 
pend much less energy to digest and ab- 
sorb nutrients from the hemolymph than 
from the host’s tissues. We also suggest 
that the nutritional input would trigger an 
endocrine response that would result in 
the differentiation of a specific morph 
(Cénsoli and Vinson 2002). Changes in the 

titer of juvenile hormone have been re- 
ported as the most common endocrine al- 
teration leading to the development of 
wing dimorphic species (Zera and Denno 
1997). However, little is known on the 

feeding behavior and larval development 
of Melittobia, information that would facil- 
itate tests to determine the effects of hor- 
mones and nutrition on the morph differ- 
entiation of this parasitoid. 

Here we describe the feeding behavior 
of the larval stages of Melittobia digitata 
Dahms and the larval development of 
both morphs. We wanted to determine 1) 
if short and long-wing morphs differed in 
their immature development and 2) how 
much hemolymph was ingested during 
the immature development of short-wing 
morphs. We also provide additional data 
on the morphology of the mouthparts and 
host utilization by the first instar larva. 

MATERIALS AND METHODS 

Parasitoid colony.—A_ stock culture of 
Melittobia digitata was maintained under 
laboratory conditions (temperature: 26 + 
1°C; 60 + 10% r.h.; 14L:10D) using Neobel- 

lieria bullata (Fall.) (Dip., Sarcophagidae) 

(Carolina Biological Supplies) and Apis 
mellifera L. (Hym., Apidae) pupae as hosts. 

Hosts were offered for parasitization in- 
side glass tubes (15 cm long x 1.0 cm in 

diameter) in a proportion of 1 blowfly 
pupa: 5 females or 1 honeybee pupa: 10 
females. Only parasitoids reared on hon- 
eybees were used in our experiments, 

while N. bullata was exclusively used for 

the maintenance of a stock culture. The 
parasitized hosts were kept undisturbed 
under controlled conditions until the pu- 

189 

pal stage, when parasitoids were trans- 
ferred to clean vials. 

Feeding mechanism.—Honeybee pupae 
upon which the first instar larva of the 
parasitoid were feeding were decapitated 
and fixed in 2.5% glutaraldehyde in 0.1 M 
cacodylate buffer + 2% acrolein (v/v) for 

2 h, washed twice in 0.1 M cacodylate 

buffer, post-fixed in 2% osmium tetroxide 

for 30 min, and dehydrated in an alcohol 
series with final dehydration in propylene 
oxide. Samples were embedded in epoxy 
resin and cured at 60°C overnight. Thin 
sections (0.5—-1.0 wm) were cut in an ultra 

microtome (Reichert-Jung) using a dia- 

mond histoknife (EdgeCraft Corporation, 

PA), slide mounted and stained with to- 

luidine blue. 

Determination of the hemolymph content of 
honeybee pupae-——Honeybee pupae were 
injected with 0.01 wC “C-inulin in 1.0 pl 

50% ethanol through an inter-segmental 
membrane, and the tracer was allowed to 

circulate for 24 h. Inulin is a carbohydrate 
that has been shown not to be absorbed 
and thus allows measurements of the ex- 

tracellular fluids (Levenbook 1979). Sam- 

ples of 1.0 wl of hemolymph were collect- 
ed using graduate disposable micro pi- 
pettes (Fisherbrand®, Fisher Scientific 
Company, PA), and the radioactivity was 
determined by liquid scintillation count- 

ing. After collection of the hemolymph, 
honeybee pupae were treated with a 0.6 N 
solution of tissue solubilizer (ScintiGest™, 

Fisher Scientific Company, PA) and the ra- 
dioactivity was counted as before. The he- 
molymph content of honeybee pupae was 
determined using the radioactivity mea- 
sured in the aliquot (1.0 wl) in relation to 
the total amount injected (0.01 pC). 

Host utilization—Groups of 30 eggs of 
M. digitata were manually transferred to 

honeybee pupae (125-145 mg) (30 eggs/ 
pupa) previously injected with 0.01 wC 

'4C-inulin as mentioned before, and kept 

under controlled conditions. Consump- 

tion of the host hemolymph during the 
parasitoid development was assessed by 
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Fig. 1. Individual intake rate of host hemolymph 

during larval development of Melittobia digitata (F = 

4487.4; df = 2, 4; P < 0.001). 

sampling the parasitoid larvae throughout 
their development at 12, 24, 48, 72, 96 and 

120 h after eclosion, and counting their ra- 

dioactivity by liquid scintillation. Experi- 

ments were replicated six to ten times at 

each sampling time, with each group of 30 
larvae being considered a replication. 

Parasitoid immature development.—Host- 
fed, 2 day-old females were offered hon- 

eybee pupae for 6 hours for oviposition. 

Afterwards, eggs were collected and 
transferred to new pupae at the red-eye 
stage (110-120 mg). We followed the im- 
mature development of M. digitata in two 
clutches: 20 and 200 eggs/host. Larvae de- 
veloping in the small clutch differentiate 
into the short wing morph (SWM) while 

those in the large clutch emerge as the 
LWM (Consoli and Vinson 2002). Larvae 

were sampled from the host every 12 h 
from 24 h after parasitization, and fixed in 
60% ethanol. Half of the larvae collected 
in each sample were slide mounted in 
Hoyer’s medium and measurements were 
taken under a compound phase-contrast 
microscope (Zeiss) to assess their devel- 

opmental stage. The other half was pro- 
cessed for scanning electron microscope 

for detailed observation of the body sur- 
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Fig.2, 
dévelopment of gregarious parasitoid, Melittobia dig- 

ifata. 

Host hemolymph consumption during larval 

face and structures associated with their 
buccal apparatus. They were transferred 
to 2.5% glutaraldehyde in 0.1M cacodylate 
buffer for 2 h and post-fixed in 2% osmi- 
um tetroxide (30 min), followed by 2 

washes in distilled water and ethanol (50, 

70, 90, and 100%), with final dehydration 

in liquid CO,. Larvae were mounted on 
double-side carbon tape and viewed in a 
JEOL SEM at 15 kV. 

RESULTS AND DISCUSSION 

Hemolymph content of honeybees.—Hon- 

eybee pupae have an average hemolymph 
content of 29.3 + 9.0 ul (x + sd) at the 

stage used in this experiment, and no cor- 
relation was found between the hemo- 
lymph content and the bee size in the 

range selected (125-145 mg) (Pearson’s 

Correlation test, coefficient = —0.07; P = 

0.74; n = 22). 

Host utilization.—Larvae of M. digitata at 
12 h after hatching had an intake of 0.02 
wl of host hemolymph/larva. The con- 

sumption of the host’s hemolymph was 
slow during the first 24 h of the larval de- 
velopment, rapidly increasing through 96 
h when the parasitoid is approaching the 
prepupal stage (Fig. 1). At this stage the 
larvae had consumed 80% of the host’s he- 
molymph and are terminating their feed- 
ing activity (Fig. 2). The end of the feeding 
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Fig. 3. Development (days) of immatures of both 

wing morphs of Melittobia digitata (GWM = short 

wing morph; LWM = long wing morph) (Differences 

in developmental time between each stage of short 

and long-wing morph are indicated by different let- 

ters, Mann-Whitney Rank Sum Test, P < 0.05). 

period is indicated by the lower amount 
of labeled hemolymph detected at 120 h 
of parasitoid development, and the drop 
in labei is probably due to the purge of 
the parasitoid gut content prior to pupa- 

tion (Fig. 2). Each larva of M. digitata re- 

quired 0.79 + 0.1 pl (x + sd) of host he- 

molymph to complete its development. 
Parasitoid immature development.—Egeg— 

adult development of SWMs of M. digitata 
was shorter than the LWMs (T = 120.00; 

P < 0.001; Mann-Whitney Rank Sum test), 

although the larval stage of the SWM was 
much longer (Fig. 3). Both morphs have 
four larval stages as indicated by mea- 
surements of the larval mandibles, and the 

prolonged development during the larval 
stage of the SWM was due to an extended 

Table 1. 

wing (LWM) morphs of Melittobia digitata. 
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Fig. 4. Larval growth (wm) (x + sd) during devel- 

opment of both morphs of Melittobia digitata (* indi- 

cates differences between morphs, f test, P < 0.05). 

fotrth instar) ‘= 345.00; P = 0.001 

Mann-Whitney Rank Sum test) (Table 1). 

SWM molted to the fourth instar earlier 
and pupated 24 h later than the LWM (Ta- 

ble 1). Although SWM larvae were slightly 
larger than the LWMs throughout their 
development and they fed longer on the 
host, both morphs achieved the same size 
at the end of their development (Fig. 4). 

Despite the differences in the immature 
development, wing morphs of M. digitata 
had similar external morphology. Eggs are 
shiny white, almost cylindrical in shape, 
slightly tapering at one end (307.0 + 8.3 

wm long X 84.6 + 5.2 wm wide, n = 13), 

with a short embryonic development pe- 
riod (38.8 + 5.2 h, n = 50). Larval mor- 

phology remained basically the same 

Mandible size (1m) and development (days) of the larval instars of the short (SWM) and long 

SWM LWM 

Mandible size (41m) Mandible size (2m) 
Development Development 

Instar Length Ratio (h) Length Ratio (h) 

| 9.4 + 0.2 22.8 + 3.1 99+ 0.1 2 23.6 + 42 
re 

2. 1S Aes 02: se 12.0 +0 13.4 + 0.3 = 120.10 
1.6 a 1.7 z ; 

8} 22S, L7 14.4 + 5.0 24.1 + 0.5 15 24.0 0 
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4 S514 se 02 ‘ 85.6 + 4.2 37.0 0.4 46.4 + 4.2 
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A. Mature larva of Melittobia digitata. Mandibles of fourth instar larva shown in close up; B. Detail of 

head and mouth openning of fourth instar larva of M. digitata. Arrowheads and small arrows indicate presence 

of sensillae (shown in close up) in pad-like structures surrounding mouth of larva. Large arrows indicate two 

V-shaped slits at base of pad. 

throughout development. Larvae are hy- 
menopteriform, whitish in color, without 

cuticular appendages or tubercles (Fig. 
5A). M. digitata has a brief first instar, 

molting to the second instar after approx- 
imately 24 h. Second and third instars are 
also short, with third instars of SWM de- 
veloping faster than the LWM (T = 142.50; 

P < 0.001; Mann-Whitney Rank Sum test) 

(Table 1). The fourth instar is the longest 

larval stage, lasting 46.4 h for the LWM 
and 85.6 h for the SWM (Table 1). Pupa- 

tion occurred on the host when parasit- 
oids were reared in a small clutch, but 
most of the larvae generally abandoned 
the host before pupating. No cocoon is 
produced, and the larvae purge their gut 
content prior to pupation. Feces are black 

in color and deposited as round pellets 
forming a coil, which remains close to the 
pupae. SWMs also have a reduced pupal 
development time if compared to the 
LWMs (SWM = 109.0 h; LWM = 241.8 h; 
T = 276.00; P < 0.001; Mann-Whitney 

Rank Sum test) (Fig. 3). 

Although larvae of M. digitata lack any 
kind of locomotory appendage and they 
are usually found strongly attached to the 
host surface (see Feeding mechanism), 

movement on the host is quite common. 
Larvae were found to move soon after 
hatching, since they were found feeding a 
few millimeters from where the eggs were 
placed. Movement was less intense after 
they attached to the host surface and ini- 
tiated their feeding. At the end of their de- 
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velopment, larvae were found to leave the 

host to pupate as far as a few centimeters 
from the host. We did not observe any 
preferential movement from the abdomi- 
nal area of the host in either clutch size. 
However, young larvae were most likely 
to be found feeding close to the interseg- 
mental membranes. Cannibalism was also 
observed in very few instances where the 
larvae were developing in a large clutch, 
and larvae were found feeding on a con- 
specific at the prepupal or early pupal 
stage. 

Differentiation of the larval stages of M. 
digitata was possible only by measure- 
ments of the mandibles. The absence of a 
well-defined head capsule did not allow 
the application of Dyar’s law for the dif- 
ferentiation of the larval instars. Immature 
Eulophidae may have from three to five 
instars, with endoparasitic species usually 
displaying a lower number of instars than 
the ectoparasitic ones (Clausen 1962, Ha- 

gen 1964, Beaver 1966, Aeschlimann 1969, 

Bledsoe et al. 1983, Tschudi-Rein and 

Dorn 2001). Larval morphology is like oth- 

er species in this group, differing from 
some endoparasitic species in which the 
first instar has a small plate-like structure 
at the caudal segment (Hagen 1964, Bea- 
ver 1966, Bledsoe et al. 1983). 

Hormones have essential roles in the 
development of insects, and changes in 

their levels during the immature stages 
have been shown to affect the insect de- 
velopment, behavior, physiology (Riddi- 
ford 1994, Truman 1996, Li et al. 2001), 

and morph development which might be 
cued by a variety of environmental chang- 
es (reviewed by Zera and Denno 1997). 

Alteration in the level of juvenile hormone 
has been shown to be the most common 
change in the endocrine system known to 
induce morph development in other in- 
sects, although changes in ecdysteroids 
and juvenile hormone esterase were also 
shown to be involved in at least one sys- 
tem (Zera and Denno 1997). Differences in 

the developmental time of wing morph 
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species have been quite variable. Compar- 
isons of the developmental time between 

SWM and LWM indicated no difference 
for the majority of orthopteroids and hem- 

ipteroids studied. Whenever differences 
were found, the SWM of orthopteroids de- 
veloped more slowly than the LWM, 

while the SWM of hemipteroids devel- 

oped faster (reviewed by Roff 1986). Since 

these wing morphs are paurometabolous, 
they would molt straight from the nymph- 
al to the adult stage, and as a result, the 

nymphal stage would be the only one af- 
fected by the morph development. How- 
ever, in holometabolous, such as M. digi- 

tata, the pupal stage could also be affected. 
In M. digitata the development of both the 
larval and pupal stages differed depend- 
ing on the morph that developed. Short 
wing morph development was associated 
with a delayed larval development, but a 
drastically shortened pupal development 
period. 

Insects are well known to molt when ju- 
venile hormone levels decrease in the 

presence of ecdysteroids, and the insect 
has reached a critical weight (Nijhout 
1998). Events leading to pupation occur 
following a small ecdysone peak that pre- 
pares tissues and induces metamorphic 
development in the absence of JH (Riddi- 
ford 1994). These changes could be in- 

volved in morph development as suggest- 
ed by the differences in the pre-imaginal 
development. The arrested development 
of the fourth instar of the SWMs could be 
due to the presence of JH at a sufficient 

concentration to suppress the activity of 
the prothoracic glands, affecting the re- 
lease of ecdysteroids (Sakurai et al. 1989, 

Gu et al. 1997), and it would also delay 
pupation. On the other hand, the arrested 

pupal development of LWMs of M. digi- 
tata could be due to the trade-offs in- 

volved in the morph differentiation re- 
ported for some other insects (Zera and 

Denno 1997, Tanaka and Suzuki 1998). In 

this case, LWMs would require a longer 
pupal period to allow for the development 
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of the wing muscles and associated flying 
structures. 

Feeding mechanism.—Larvae of M. digt- 
tata strongly attach to the surface of the 
host using a pad-like structure that incom- 
pletely surrounds the mouth opening 
(Figs. 5B, 6B). This structure is U-shaped 

and this shape is found in all instars, but 
is more conspicuous in the last larval 

stage (Fig. 5B). This U-shaped pad has 
around 13-14 sensillar structures symmet- 
rically distributed near the center (Fig. 5B). 
These sensilla have a pronounced, round 
socket (ca 4 wm in diameter) with a short, 

setiform projection (ca 1.8 um long) (Fig. 

5B). Two V-shaped slits are also found at 
the base of each side of this structure (Fig. 

5B). Another pad-like structure, with a tri- 

angular-shape, lies under the mouth in be- 
tween the maxillary palpi, with two small- 
er sensilla located at its base (Fig. 5B). The 

mouth opening was never observed com- 
pletely opened, making difficult the visu- 
alization of mandibles and any glandular 
openings. However, observations in light 

microscopy showed mandibles with a 
broad base and a short blade (Fig. 5A). 

The larvae open the mouth allowing the 
alignment of both pad-like structures sur- 
rounding the mouth opening, and insert 
the mandibles into the epicuticle of the 
host (Fig. 6B—D). These structures are then 

pressed onto the host surface, forming a 
closed pouch (Figs. 6C—D). It is likely that 

digestive enzymes that are released into 
the pouch will first digest the wax layer 
covering the cuticle of the host. Despite 
the fact that depressions in the epicuticle 
conforming to the mandibles could be 
seen on the surface of the host (Cooper- 
band 1998), mandibles of the first, second, 

or even third instars (~25 wm—Table 1), 

are too short to penetrate the 30-40 wm 

thick host’s cuticle that would make the 
host’s internal contents directly available 
to ingestion. 

The absence of mandibles long enough 
to penetrate the host integument and the 
demonstrated ingestion of hemolymph by 
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Fig. 6. Sections of larvae of Melittobia digitata in de- 

velopment. A. A group of developing first instars 

showing impressions on wax layer of host cuticle of; 

B. A first instar larva attached to host cuticle; C. De- 

tail of anterior end of larva, showing base of one 

mandible of first instar (arrow). Note that pouch 

formed by attachment of pad-like structure to host 
cuticle is discrete; D. Detail of pouch formed when 

pad-like structure of an early third instar is applied 

against host cuticle; the short blade of the mandibles 

(arrows) can also be seen (md = midgut; sg = sali- 

vary glands). 

the first instar larvae of M. digitata support 
Cooperband’s hypothesis that acquisition 
of the host hemolymph by the parasitoid 
larvae is accomplished by sucking the liq- 
uid hemolymph through the pore canals. 
She proposed that enzymes secreted by 
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the larvae would digest the wax layer (Fig. 
6A, 6C) and the lipids inside the pore ca- 
nals opening them up to the flow of he- 
molymph. In fact, a similar phenomenon 
occurs if some insects are treated with oil. 
In this case, drops of water can be seen on 

the surface of the cuticle, and it was in- 
dicated that the oil would solubilize the 
wax layer and the lipids, and as a result 
hemolymph would be lost through the 
pore canals (Wigglesworth 1941, 1942). 
The negative pressure created by contrac- 
tions of the gut would suck the hemo- 
lymph to the surface of the cuticle that 
would be enclosed by the parasitoid’s 
mouth and subsequently ingested by the 
larvae (Figs. 6D). Enzymes capable of di- 
gesting or dissolving the waxes were dem- 
onstrated by the ingestion of the wax layer 
of the host and by the ingestion of dyed 
wax by the first instar larvae (Cooperband 
1998). However, it is important to consider 

the fact that Melittobia usually develop on 
hosts at stages in which the host’s cuticle 
is still under development. Thus, the ac- 

cess to the host hemolymph would be fa- 
cilitated since Melittobia could explore 
hosts in which the endocuticle would be 
in the early stages of differentiation, facil- 
itating the flow of liquids through the oth- 
er layers. 

Besides the evidence for the ingestion of 
the host hemolymph by the first instar of 
M. digitata, the epicuticle and wax layer of 
the honeybee should also be considered a 
nutritional resource for the developing 
parasitoid. In addition to the components 
of the wax layer (hydrocarbons, higher al- 

cohols, organic acids, etc.), the larva of the 

parasitoid could also benefit from the high 
amino acid composition of the molting 
fluid (Hepburn 1985, Reynolds and Sa- 
muels 1996, Neville 1998). 

The data described here will be useful 
in the development of experiments in 
which it will be possible to test the hy- 
pothesis that the amount of the host’s he- 
molymph ingested is the nutritional cue in 
the morph development of M. digitata. It 
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will also allow the recognition and char- 

acterization of the stage sensitive to 

changes in the morph development. Our 

data will also help in the improvement of 

the existing in vitro-rearing system and fa- 

cilitate the isolation and characterization 

of nutrition-born molecules that could be 

regulating the endocrine system of this 
parasitoid. 
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Parasitoids Associated with Whiteflies (Homoptera: Aleyrodidae) in 
Hispaniola and Descriptions of Two New Species of Encarsia Férster 

(Hymenoptera: Aphelinidae) 
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(CAS) Hacienda Ecotopia, Las Terrenas, Samana, Dominican Republic 

Abstract.—Geographic distribution, host range information and an illustrated key to species (in 

English and Spanish) of parasitoids associated with whitefly species on the island of Hispaniola 

are provided. Two new species, Encarsia dominicana Evans, reared from Aleurothrixus floccosus 

in the Dominican Republic and Florida (USA), and Encarsia telemachusi Evans, reared from an 

aleyrodid in Haiti, are described and illustrated. Eight new distribution records and two new 
hosts records are reported for parasitoids reared from whiteflies in the Dominican Republic. 

The island of Hispaniola, located in the 

northern Caribbean Basin, spans nearly 
30,000 square miles and is comprised of 

two countries, the Dominican Republic 
that covers the eastern two-thirds, and 

Haiti that covers the western third of the 
island. Whiteflies attack several agricul- 
tural crops grown on the island including 
field beans, lima beans, cowpea, tomatoes, 
eggplant, sweet pepper, cucumbers, can- 

taloupe, watermelon, okra, tobacco, orna- 

mentals, citrus, cassava, cocoyam, palm, 
banana and others (Serra et al. 1996, Donis 

and Prophete 1997). More than 20 whitefly 
species have been detected in the Domin- 
ican Republic, most of which appear to be 
associated with a narrow spectrum of 
plant hosts and rarely cause economic 
damage to crops. The Bemisia tabaci com- 
plex in the lowlands and Trialeurodes va- 
porariorum (Westwood) in the mountain 

valleys are the only whitefly species that 
are considered to be key pests, particular- 
ly in vegetable crops (Serra ef al. 1996). 

Whitefly-transmitted plant viruses 
cause major economic losses to various 

crops on the island. The bean mosaic vi- 

rus, transmitted by the B. tabaci complex, 

has been reported in both countries since 
the 1970s. In 1988, Bemisia argentifolii Per- 

ring and Bellows (or Bemisia tabaci biotype 
B) invaded the island and has caused se- 

vere damage to tomatoes by direct feed- 
ing, inducing uneven ripening (a phyto- 
toxic disorder), and the transmission of 

the Bemisia-geminivirus complex The dam- 

age caused by whitefly in terms of loss of 
crop quality and quantity ranged from 20 
and 95% from 1988 to 1994 (Alvarez and 

Abud-Antun 1997). No reliable or statis- 

tical data are available for Haiti, but losses 

associated with the Bemisia-geminivirus 
complex on tomatoes are known to have 

occurred. 
In 1995, tomato growers in the Domin- 

ican Republic began to implement im- 
proved, integrated management practices 

including a 3-month host-free period, pro- 

tected seedbeds, systemic and selective in- 

secticide applications and tolerant and re- 

sistant varieties. Due to these measures 

and increased activity by biological con- 

trol agents and climatic factors (periods of 
drought and heavy rainfall), whitefly pop- 

ulations reached an equilibrium at a rela- 
tively low level at the beginning of the 
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1995 season, and growers were able to 
produce a profitable crop. 

As the whitefly population increased 
later in the season, mass production and 
inundative release of whitefly parasitoids 
was discussed as a strategy to stablize the 
situation. However, prior to introducing 

selected exotic parasitoids, it was consid- 
ered essential to identify the parasitoid 
species already present in the region and 
their relative importance. In 1995, a survey 
of the whitefly species and their endemic 
and introduced natural enemies was ini- 
tiated by C. Serra and collaborators at the 
Instituto Superior de Agricultura (Santia- 
go) in the main production areas of vari- 
ous crops attacked by whiteflies in the Do- 
minican Republic. The goals of survey 
were to identify the parasitoid species that 
attack whitefly in the most important ag- 
ricultural areas in the Dominican Repub- 
lic, and gather information on their hosts 
and distribution and relative importance. 
Laboratory studies were conducted on the 
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biology of certain parasitoid species. In 
addition to these collections, we have in- 

cluded records of Encarsia, Eretmocerus 

and Signiphora species collected by Sabine 
Tappertrzhofen in yellow pan traps in 
southern area of the Dominican Republic 

(from San Cristoban to Azua). 

Very little prior knowledge exists re- 
garding the species of whitefly parasitoids 
that occur on the island. Dozier described 

Encarsia catherinae and Encarsia haitiensis 

(Dozier 1932a) and Eretmocerus pallidus 
(Dozier 1932b) from Haiti. He reported 

Encarsia cubensis Gahan and Encarsia var- 

legata Howard (Dozier 1933), Eretmocerus 

paulistis Hempel (misidentification) (Doz- 

ier 1932b) and Eretmocerus serius Silvestri 

(Dozier 1932c) from Haiti. Polaszek et al. 

(1992) reported Encarsia hispida and Serra 

(1992) reported Encarsia nigricephala from 
Dominican Republic. An asterisk is placed 
before records representing new host 

and/or distribution records. A host/par- 
asitoid list is given at the end (Table 1). 

KEY TO PARASITOIDS ASSOCIATED WITH WHITEFLIES IN HISPANIOLA 

Fore wing with marginal and stigmal veins absent; pronotum reaching tegula; body 

entirely black and heavily sclerotized; female antennal flagellum 8-segmented (Fig. 
5), consisting of 5 funicle segments and 3-segmented compact club. Male antennal 

flagellum with 7 funicle segments and one club segment, F2 with tongue-shaped 

sensory organ (genus Almifis); 1 species known from Hispaniola with fore wing in- 

fuscate, and flagellum dark brown with Fl and F2 very elongate and club short with 

a rounded apex; ex Trialeurodes vaporariorum, Dominican Republic 

Fore wing with marginal and stigmal veins present, pronotum separated from tegula 

by prepectus, body not entirely black and heavily sclerotized (Chalcidoidea), male 

and female flagellum with 6 or fewer segments 
All tarsi 4-segmented 
All tarsi usually 5-segmented, rarely middle leg with 4-segmented tarsus (Fig. 19) ... 

Fore wing narrow (Fig. 16), disk length 2* maximum disk width with a row of setae 

along the wing margin and 1—2 rows transversing the disk; antennal flagellum (Fig. 

13) consisting of 2 funicle (one transverse and one cylindrical) and 1 elongate club 

segment; male antennal flagellum (Fig. 12) with 1 funicle and 1 elongate club segment 

Amitus fuscipennis MacGown and Nebeker 

Se ae Ae es) 0 ee eR Se ee Cales noacki Howard 

Fore wing broad, disk length approximately as long as maximum disk width and 

with many setae evenly distributed throughout disk; antennal flagellum variable 

Antennal flagellum 6-segmented consisting of 2 minute anelli, 1 cylindrical funicle 

segment, and 3-segmented club (Fig. 6); scutellum with 1 pair of setae; stigmal vein 

elongate (Fig. 20), body yellow with transverse bands on gastral tergites [V-VI; male 

4 
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antennal and fore wing characters similar to that of female 

Dns Severed ae et hs gues CASE PRAS s ook th Neopomphale aleurothrixi (Dozier) 

Antennal flagellum 3-segmented consisting of 2 short funicle segments and 1 elongate 
club segment (Fig. 7); scutellum with 2 pairs of setae; stigmal vein not as elongate as 

that of Neopomphale; body yellowish; male antennal flagellum consisting of 1 very 

elongate club Segment (Fig..8) 2 s2...%<< sabe ve o) Eretmocerus. 22.662 42kh00500m: 5 

Fl very narrow (annelliform), F2 short and triangular; club 5-6 as long as wide, 

fore wing setae sparse with 1 row of setae under marginal vein; midlobe with 3 pairs 

OLISCING: eae ne pseu eu fo aeeraiiy eae ste aes) WRAL SY ue ee we 2 E. serius Silvestri 
Fl triangular, F2 transverse or quadrate, club 4.0-7.4 as long as wide, forewing setae 

more dense with more than 1 row of setae under marginal vein; midlobe with 3 pairs 

OUSEIAG 4 fie eerste yh inte S Seneiaie GG a4y, Sie naE ates oo coly etald Pallet aun ate ee 6 

Antennal club length less than 6 width; dorsal surface of club convex contrasting 

with straight ventral surface; F2 triangular ................. FE. portoricensis Dozier 

Antennal club 7.3-7.4* as long as wide; dorsal and ventral surfaces of club more or 

less patallelnikZ transverse. 6 24.24.01 sSesaceens ence oes ads E. pallidus Dozier 

Antennal flagellum 4-segmented consisting of 3 transverse funicle segments and 1 
elongate club (Fig. 9, 10); fore wing disk asetose and; scutellum rectangular, width at 

least 42 its length (Fig. 17); male antenna (Fig. 11) similar to that of female; hyper- 

PORASIOINS 4b 8, feats ee eke p24 a ee SICHIDNONG, Boas cnetag Coe ee Saga’ pee 8 

Antennal flagellum 6-segmented, consisting of 3-4 funicle segments and 2-3 club 

segments, apical segment not greatly elongate (Fig. 4), forewing disk setose; scutellum 
oval, less than 2 its width; male antennal flagellum with 5-6 segments; female pri- 

mary parasitoids and male hyperparasitoids ............ ENCOISIO: 2.22252 ona8% 43 9 

Gaster yellow with dark brown, transverse bands on tergites I-IV; head yellow with 

foramen dark brown; forewing with a dark brown band under the marginal vein (Fig. 
l5)elub 4.x asloneas wide (Fig. 9) 3 cee oes ek dates oben S. aleyrodis Ashmead 

Gaster dark brown with tergite VI and VII yellowish; head dark brown; forewing 

with a dark brown band under the marginal vein (Fig. 15); club 3.4 as long as wide 

a RM ges eh ide, a bee eh cna he rae: Eon yee ads thes Tate S. townsendi Ashmead 

Tarsus of middle leg 4-segmented (apical 2 segments partially fused as in Fig. 19) 10 

Tarsus of middle les 5-seemented (as i Tig. 2) ie .ceets4ac0400s5a5enR eee ne? 15 

Fore wing with asetose area around stigmal vein; F2 of male antenna with round 

sensorial/glandular process (in species where males are known) .........-.-. 

eee eee er ee eee E cubensis S1OUP” t-i..28 a5 sens eee a ewhes el 

Fore wing without an asetose area around stigmal vein; F2 of male antenna without 

round sensorial/glandular process ............. E, duteola GtOUp: aioe eisce e's a2 12 

Body yellow with head and anterior 4—% of mesoscutum dark brown; midlobe with 

PIS OL SOILS svete 2.5 0.5 ead aa ARS oye Hee oak awa Soe E. nigricephala Dozier 

Body dark brown with yellow scutellum and central area on gastral tergites I and II; 

MMC OREC Witty 2palvsrOl SetAG Actas den Sig a ote Ses eh Sa nee ee aes E. cubensis Gahan 

Head and mesosoma dark brown; gaster yellow with anterior margin of tergite | 

dark brown, or gaster yellow with dark brown lateral margins ................. 13 

Head and mesosoma entirely yellow or slightly infuscate ...................4. 14 

Gaster completely yellow (except dark brown base), Fl cylindrical, 0.7 as long as 

P27 midlobe with’S—lO paws Of S€tae 60.0 ss pao ee we wae yes E. formosa Gahan 

Gaster yellow with dark brown lateral margins, Fl quadrate, 0.5x as long as F2; 

midlobe ustially with 8 pairs Of setae. 45 iwc police acer e a4 E. variegata Howard 

Fl quadrate, about 0.5 F2; F2 subequal to F3; Fo slightly longer than F5; midlobe 

With Grpalls Of setae: iY ad. «ane ee oe 2S od eh ee ea ere E. haitiensis Dozier 

F1 cylindrical, about 0.7 F2; F2 intermediate in length to Fl and F3; F6 very elon- 

gate, about 1.2 F5; midlobe usually with 4 pairs of setae ..... E. hispida De Santis 

Fore wing with large asetose area around stigmal vein .... E. parvella group .... 16 
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Fore wing withoutdarge asetose area under stigmal vein ...........¢...2..04 505 

16 (15) Gaster yellow with transverse, dark brown bands on tergites I, V and VI; apical setae 

L7sC 16" 

17? 

of valvulae Ill lanceolate; midlobe with 2 pairs Of séta@.<..2..25. 229052 ¥ies. 

ee Ea ete re rn te ee Re en ee Se ee See E. lanceolata Evans and Polaszek 

Gaster completely yellow or dark brown with yellow lateral margins, TVI and ven- 
ter; apical setae of valvulae III setiform; midlobe with 4-5 pairs of setae ......... 

Body usually with large dark brown inverted triangle on midlobe and gaster dark 

brown with yellow lateral margins, TVII and venter (dark form), body sometimes 
completely yellow (light form); fore wing infuscate under marginal vein; F5 distinctly 

(1.2X) longer than F4; F6 very elongate and much longer than F5 ........... 

— 

ee re ek SRN OL bt OO ee Ee a ORO eee est OE ae PA E. tabacivora Viggiani 

Body bright yellow; fore wing hyaline; F5 slightly longer than F4 and slightly shorter 

Wii FOS 5 nae elaine ba ae en Ga nah ee wea Rae ae eee E. telamachusi Evans, new species 

18 (15') Body completely yellow, placoid sensillae on scutellum closer than diameter of one 

sensillum; fore wing disk with evident area of long setae (Fig. 14); midlobe usually 

with 4 pairs of setae (sometimes 3 or 5 pairs) ......... E. sophia (Girault and Dodd) 

Body at least partially dark brown, distance between placoid sensillae variable; fore 
wing setae uniform; midlobe with 4 pairs of setae <2<0.5 545.505. 0o 3 eee one es 

19 (18') Fl cylindrical, 0.7% F2; distance between placoid sensillae on scutellum less than 

diameter of one sensillum; mesoscutum with 4 pairs of setae; gaster dark brown .. 

Fl quadrate (Fig. 1), placoid sensillae on scutellum at least 2.5% diameter of one 
sensillum apart, gaster yellow with some dark brown tergites ................. 

20 (19) Antennae unicolorous, fore wing hyaline, base of gastral tergite VI exceptionally 

DIOR E ie oes Fee G eas Ne ee kOe he Ok bee koe ashe Oe) abe E. portoricensis Howard 

Antennae yellow with F5 and F6 dark brown; fore wing infuscate under marginal 

vein; gastral tergite VI not exceptionally broad .............. E. catherinae (Dozier) 
21 (19') Gaster yellow with dark brown tergites [V-VI, Fl quadrate; Sel elongate, slightly 

shorter thanioce: (hie. Tea. ca attest oiue eaten E. dominicana Evans, new species 

Gaster yellow with posterior edge of tergite II to VI dark brown, F1 transverse; Scl 
SHO less hist eC Bez: ace Ghe sodas aie art a ee aS E. perplexa Huang and Polaszek 

CLAVE DE LOS PARASITOS ASOCIADOS CON ALEIRODIDOS EN LA HISPANIOLA 

Ala anterior sin vena (=nervadura) marginal ni vena estigmatica; pronoto tocando la 

tégula; cuerpo completamente negro y bastante esclerotizado; flagelo de la hembra 

de 8 segmentos (5 segmentos de funiculo, clava compacta y de 3 segmentos); flagelo 

del macho de 8 segmentos (7 de funiculo y 1 de clava), F2 con un 6rgano sensorial 

(Genero Amitus); 1 especie conocida en la Hispaniola con el ala anterior ahumada, el 
flagelo café obscuro y Fl y F2 mas elongados, y la clava corta con el apice redondo 

A ee ee ee eee eee ee Amitus fuscipennis MacGown and Nebeker 

Ala anterior con vena marginal y vena estigmatica (aunque muy corta en algunas 

especies); pronoto separado de la tégula por el prepecto; cuerpo raramente comple- 

tamente negro (no en las especies en Hispaniola) 0 muy esclerotizado (Chalcidoidea) 

ZA) edos los tarsos.de 4/seemmentos: «<2... 2.cq5 aeease 5 oe eee oie ee eee ete eo 

Todos los tarsos usualmente de 5 segmentos, raramente el tarso del segundo par de 

parasicon 4/seomentos (rice 19) etme «i: 5c had ere ee eee, yee Senor te 

3 (2) Ala anterior estrecha (Fig. 16), longitud del disco 2 el ancho, y con una fila de setas 

por el margin del ala y 1-2 filas atravesando el disco; flagelo (Fig. 13) con 2 segmentos 

de funiculo (1 transverso y otro cilindrico) y 1 segmento muy alargado de la clava; 
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Figs. 1-4. Encarsia dominicana, female. 1, Habitus, mesosoma divided medially with surface sculpture shown 

on left side; gaster divided medially with dorsal side shown on left side and venter on right. 2, Tibia and 

tarsus, leg II. 3, Antenna. 4, Fore wing. Abbreviations: (ax) axilla, (cc), costal cell, (d) disk, (en) endophragma, 

(es) scutellum, (FI-F6) funicle segments 1-6; (fl) flagellum, (fm) marginal fringe, (gb) basal group, (gs) gaster, 

(Im) median lobe, (me) mesoscutellum, (mt) metanotum, (0) ovipositor, (p) pedicel, (pp) propodeum, (r) rad- 

icle, (s) scape, (Scl) anterior scutellar setae, (Sc2) posterior scutellar setae, (sl) linear sensillae, (sp) placoid 

sensillae, (ve) stigmal vein, (vm) marginal marginal, (vsm) submarginal vein, (VII) valvulae II. 
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Figs. 5-20. 5-13, Antenna. 5, Amitus fuscipennis 2. 6, Neopomphale aleurothrixi Q. 7, Eretmocerus sp. @. 8, 

Eretmocerus sp. 3.9, Signiphora aleyrodis 2.10, Signiphora townsendi @. 11, S. townsendi 3. 12, Cales noacki 3. 

13, C. noacki °. 14-16, Fore wing. 14, Encarsia sophia 2.15, S. aleyrodis 2.16, C. noacki 2.17, C. noacki mesosoma 

2. 18, S. aleyrodis mesosoma and gastral tergites I-I] 2. 19, Encarsia nigricephala tibia and tarsus II 2. 20, N. 

aleurothrixi stigmal vein 2. 

el flagelo de macho (Fig. 12) con 1 segmento de funiculo y 1 segmento muy alargado 

role (ciwel Fehigs Cpr oe clo ook ee aE reer ee cr er ee Cales noacki Howard 

Se Ala anterior ancha, longitud del disco aproximadamente tan largo como ancho y con 

muchas setas distribuidas uniformemente a través del disco; flagelo variable ....... 4 

4 (3) Flagelo de 6 segmentos (2 segmentos de anelli transversos, 1 segmento de funiculo 

cilindrico, clava de 3 segmentos (Fig. 6); escutelo con 1 par de setas; vena estigmatica 

elongada (Fig. 20), cuerpo de color amarillo con bandas café sobre los terguitos ab- 

dominales IV—VI ; flagelo y alas del macho similar a los de la hembra ........... 

FSS 24 Bain ee ee ne iis Se 5 wage atanes She Neopomphale aleurothrixi (Dozier) 
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N fo) OO 

Flagelo de 3 segmentos (2 funiculo segmentos cortos y clava de 1 segmento elongado) 

(Fig. 7); escutelo con 2 pares de setas; vena estigmatica no tan larga como en Neopom- 

phale; color del cuerpo amarillo 6 anarajando; flagelo del macho con 1 segmento muy 

elongado’ en la clava (Pig; 8): wi sce. soy se hing E(ernroeerns:..) FEC nee ee 5) 

Fl muy estrecho (aneliforme), F2 corto y triangular, longitud de la clava 5-6 mas 

largo que ancho, setas del ala anterior muy escasos con una sola fila de setas debajo 

dela Vena mareimdl’ 22.4169 baad centri oe ies Caddy se was ¥ Dad E. serius Silvestri 

Fl mas ancho y triangular, F2 transverso 0 cuadrado, clava 4.0-7.4 mas larga que 

ancha, setas del ala anterior mas densas con mas de una fila de setas debajo de la 

Vera MMA eid we ae beh enain eos eee wes wee Ps ea Facoac bow ode ee sue nen 6 

Longitud de la clava menos de 6x del ancho; clava con la superficie dorsal convexa, 
y la superficie ventral recta; F2 triangular .................. E. portoricensis Dozier 

Longitud de la clava 7.3-7.4< mas larga que ancha con las superficies dorsal y ventral 

mas oO menos planas; F2 trarisverso .... 222-6222 cee ee eee si aees E. pallidus Dozier 

Flagelo con 4 segmentos (3 segmentos del funiculo transversos y 1 segmento de clava 

muy elongado) (Fig. 9, 10); disco del ala anterior sin setas y con una banda de color 

café debajo de la vena marginal (Fig. 15); escutelo rectangular, por lo menos 4X mas 

ancho que largo (Fig. 17); antena del macho (Fig. 11) parecida a la de la hembra; 

hiperparasttoides 2 vis ss deen <4 sees ewes SIQMIPMOTE, o.5 cme ctsnle ae et gh tmee es 8 

Flagelo de 6 segmentos (3-4 segmentos de funiculo y 2-3 segmentos en la clava), con 

el ultimo segmento no muy elongado (Fig. 4), ala hialina 0 ahumada; escutelo oval, 

menos de 2 mas ancho que largo; flagelo del macho con 5-6 segmentos; las hembras 

son parasitoides primarios y los machos casi siempre son hiperparasitoides ....... 

Ss aN ads ham yee en ht = Cateye Sunt fst Ay os ENCHISIA Gono aoe ack a ee eee eo 

Gaster amarillo con bandas café atravesando los terguitos I-IV; cabeza amarilla con 

el foramen café obscuro; clava 4.1 mds larga que ancha (Fig. 9) ............. 

aston duh fas te ea eta ea ae Bae 62 Sats Be es a ene tee eae S. aleyrodis Ashmead 

Gaster café obscuro con terguitos VI and VII amarillos; cabeza café obscura; clava 

34X mas larga que ancha (Fig. 10) ...2.002 nice aoe ed eeaecs S. townsend1 Ashmead 

Tarso del segundo par de patas de 4 segmentos (los 2 segmentos apicales parcialmente 
BMS) Come ene Heiia 1 gos arte e ata tbe ds eee oye eee ae Mee ee oecaes 10 

Tarso del segundo par de patas de 5 segmentos como en la figura 2 ............. 15 

Ala anterior con un area sin setas alrededor de la vena estigmatica; F2 del macho con 

un proceso sensorial/ glandular redondo (en las especies en que el macho es conocido) 

ee ee eee Grupo de especies Ec cubensis... 62 c2.5est ans iowa 

Ala anterior con el area alrededor de la vena estigmatica con setas uniformes; F2 del 

macho sin un proceso sensorial/elandular redondo. ....:.0.255.s.eeeoheunee- 
BOG Sia ea als Roktahsded aac Grupo de especies E..luteola . c.26 i025 60h seiviaiasse V2 

Cuerpo amarillo con la cabeza y el anterior 0.3—0.5 parte del mesoescudo café obscuro; 

l6bulo mediano de mesoescudo con 2 pares de setas .......... E. nigricephala Dozier 

Cuerpo café obscuro con el escutelo y el area central de terguitos abdominales I y II 

amarillos; lobulo mediano de mesoescudo con 2 pares de setas .... E. cubensis Gahan 

12 (11') Cabeza y térax de color café oscuro; abdomen amarillo con el margen anterior del 
tergito I café obscuro, o abdomen amarillo con los lados laterales café ........... 13 

Cabeza y t6rax completamente amarillas 0 un poco ahumados .........-.-..--.- 14 12’ 

13 (12) Abdomen completamente amarillo (menos en la base que es café obscuro), FI cilin- 

drico y 0.7X de la longitud de F2; l6bulo mediano de mesoescudo con 8-10 pares 

Ce SClASm Rete. 15 Oe ae ees Roe nl Hee hee Se eee’ E. formosa Gahan 

Abdomen amarillo con margenes laterales café; Fl cuadrado y 0.5x de longitud del 

F2; l6bulo mediano de mesoescudo usualmente con 8 pares de setas ......... 

E. variegata Howard 

14 (12’) Fl cuadrado, aproximadamente 0.5 de la longitud del F2; F2 tan largo que F3; F6 
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un poco mas largo que F5; Lobulo mediano de mesoescudo con 6 pares de setas 

bate a Bae Ah Bs me che et Re he Rite OMe tae ces evoke E. haitiensis Dozier 

F1 cilindrico, aproximadamente 0.7 de la longitud del F2; longitud de F2 entre el 
largo de F1 y F3; Fo muy elongado, como 1.2 de la longitud de F5; lobulo mediano 

de mesoescudo usualmente con 4 pares de setas (a veces 3 0 5 pares) 

Bi care atures ain MOK oar es a ceta rstigs ier menos tr ee More ee state a ete E. hispida De Santis 
Ala anterior con una area grande sin setas alrededor de la vena estigmatica 

ee res ee ee ee Grupo de especies E. parvella 

Ala anterior con setas uniformes alrededor de la vena estigmatica 

Abdomen amarillo con bandas tranversas café obscuro sobre I, V y VI; setas apicales 

de valvulae HI lanceoladas (forma de hoja); l6bulo mediano de mesoescudo con 2 

Pabessle Selas 22 Perey ota ai «mapas aueeue sens pe E. lanceolata Evans and Polaszek 
Abdomen completamente amarillo (forma clara) 0 café obscuro con margenes later- 

ales, amarillos (forma obscura); setas apicales de valvulae HI normales (rectas); lobulo 

mediano de mesoescudo con 3-5 pares de setas 

Cuerpo usualmente con una mancha de color café obscuro en forma de tridngulo 
sobre el lobulo mediano de mesoescudo y abdomen café obscuro con los margines 

laterales pdlidas (forma oscura); Cuerpo a veces completamente amarillo o anaran- 

jado; alas infuscadas debajo de la vena marginal; F5 1.2* mas largo que F4; Fo muy 

alargado, mucho mas largo que F5. . E. tabacivora Viggiani 

Cuerpo completamente amarillo brillante; alas hialinas, F5 un poco mas largo que 

F4 y un poco mas corto que F6 E. telamachusi Evans, sp. nov. 

Cuerpo completamente amarillo, distancia entre los sensillae placoides del escutelo 

menor del didmetro que de un sensillum; parte posterior del disco del ala anterior 

con una area de setas mas largas que otras (Fig. 14); lobulo mediano de mesoescudo 

usualmente con 4 pares de setas (a veces 3.0 5 pares) .. E. sophia (Girault and Dodd) 
Cuerpo por lo menos parcialmente café obscuro o negro, distancia entre los sensiilae 

placoides variable; setas del ala anterior uniformes; lobulo mediano de mesoescudo 

con 4 pares de setas 
Fl cilindrico, longitud 0.7 del F2; distancia entre los sensillae placoides del escutelo 

menor del diametro de un sensillum; l6bulo mediano del mesoescudo con 4 pares 

de setas) apDdOme§n:- Cale ODSCULG 275. e arexet-c ee eer we ceo ace eee ee 20 

Fl cuadrado (Fig. 1), distancia entre los sensillae placoides por lo menos 2.5% el 

diametro de un sensillum; abdomen amarillo con unas areas de color café sobre 

algunos terguitos 

Flagelo amarillo, ala hialina, base del tergito VI de abdomen excepcionalmente ancha 

eet ra ee ee ee ee ee ee eee E. portoricensis Howard 

Flagelo amarillo con F5 y Fo café obscuro; ala ahumada debajo de la vena marginal; 
tergito VI de abdomen no excepcionalmente ancho E. catherinae (Dozier) 

Abdomen amarillo con terguitos IV-VI café obscuro; Fl cuadrado; l6bulo mediano 

del mesoescudo con 4 pares de setas (Figs. 1-4) E. dominicana Evans, sp. nov. 

Abdomen amarillo con terguitos I y Il café obscuros; F1 transverso, lobulo mediano 

E. perplexa Huang and Polaszek 

17 

2 

vA 

del mesoescudo con 5 pares de setas 

Family Aphelinidae myrtifolia; Cote Plage, 21.xi.1930 and Port- 
Cales noacki Howard au-Prince, 18-19.vi.1931, ex Aleurothrixus 

(Figs. 12 AS hoe 17) 

Cales noacki Howard 1907:82 

Hispaniola records.—HAITI, Kenskoff, 

5.x1.1929, ex Aleurothrixus n. sp. on Prunus 

floccosus on mahogany (Swietenia sp.); Da- 
mien, 21—23.i11.1931, ex Aleurothrixus n. sp. 

on Catalpa longissima (Dozier 1933). 
Comments.—Traditionally, the genus 

Cales has been placed in the family Aphel- 
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inidae. Taxonomists have debated this 

placement (Hayat 1994, Woolley 1997), 

some suggesting that the genus is better 

placed in the Trichogrammatidae, while 

others consider it to be more closely relat- 

ed to the Eulophidae or the Mymaridae. 
The original host record (Orthezia) for this 

parasitoid species is probably erroneous. 
We suspect that the sample was contami- 
nated with Aleurothrixus floccosus or some 
other whitefly species. Contrary to Viggi- 

ani and Carver’s (1988) statement that this 

species has 1 pair of setae on the scutel- 
lum, we found 2 pairs of setae on the scu- 

tellum (Fig. 18); one pair of very elongate 
setae are present along the posterior mar- 

gin of the scutellum and one pair of very 
minute setae are located adjacent to the 
placoid sensillae. 

Encarsia catherinae (Dozier) 

Trichaporus catherinae Dozier 1933:92 

Hispaniola records—HAITI, Damien, 1 

XI 1931, ex Aleuroplatus sp. (USNM). 

Encarsia cubensis Gahan 

(Fig. 19) 

Encarsia cubensis Gahan 1931:121. 

Trichoporus cubensis (Gahan), Dozier 1933:92. 

Hispaniola records—DOMINICAN  RE- 

PUBLIC, Azul Province, Las Charcas, 

16.i1.1995, C. Serra, ex *Bemisia tuberculata 

on Manihot esculenta; HAITI, Damien, 6— 

15.xii.1930, H.L. Dozier, ex Aleurothrixus 

floccosus on Spondias mombin; Sarth, 
26.1.1931, ex Aleurothrixus floccosus on 

Guaiacum officinale (Dozier 1933). 

Encarsia dominicana Evans, new species 

(Figs. 1-4) 

Encarsia brasiliensis (Hempel): misidentification 

Dozier 1932a:121; Grissell 1979:2. 

Type material.—Holotype female, DO- 
MINICAN REPUBLIC, Las Terrenas, 

iv.1998, C. Serra, ex Aleurothrixus floccosus, 

in United States Natural History Museum, 
Washington, D.C., USA; 3 female para- 
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types and 1 female (unemerged, inside the 
whitefly pupa), same data as holotype. 

Diagnosis.—The female of E. dominicana 

is similar to Encarsia bellottii Evans and 
Castillo and can be distinguished from 

that species which has the gastral tergites 
I and II dark brown, the Fl antenna seg- 
ment transverse, and 2 pairs of setae on 

the mesoscutum. In E. dominicana, the gas- 
ter is yellow with the central portion of 
tergites IV, V, and VI entirely dark brown, 

the Fl antenna segment is quadrate, and 
there are 4 pairs of setae on the mesoscu- 
tum. It is also similar to Encarsia perplexa 
Huang and Polaszek, a species which has 
often been misidentified as Encarsia opu- 
lenta, but differs from this species by hav- 
ing the gaster yellow with dark brown ter- 
gites [V—VI, Fl quadrate and the Scl setae 
elongate, slightly shorter than Sc2. In E. 
perplexa, the gaster is yellow with poste- 
rior edge of tergite I] to VI dark brown, 
Fl is transverse and Scl setae is short, less 
fhan0.5 > Se2. 

Description.—Female (Fig. 1). Colora- 

tion. Head yellowish with dark brown, 
transverse band at level of foramen; me- 
sosoma yellow with anterior margin of 
midlobe and axillae dark brown; legs and 
antennae yellow; metanotum dark brown; 

metasoma yellow with tergites [V-VI and 
apical third of valvulae II] dark brown; 
fore wing hyaline with faint infuscation 
under marginal vein to posterior margin 
of wing. Structure. Antenna (Fig. 3) with 

3-segmented club, F1—-F6 with the follow- 
ing number of linear sensilla: F1:0, F2:2, 

F3:3, F4:3, F5:3, F6:3. Midlobe of mesoscu- 

tum broad, 1.5 as wide as long, with 

roundish hexagonal reticulations and 4 
pairs of setae; each side lobe with 3 setae, 

each axilla with | seta located apically and 
extending almost to the base of the axilla; 
scutellum with Scl reaching bases of Sc2, 

distance between placoid sensilla about 
3x the width of one sensillum; endo- 

phragma reaching middle of gastral ter- 
gite I; tibial spur of middle leg (Fig. 2) 
0.9X corresponding basitarsus; fore wing 
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(Fig. 4) broad, disc length 1.0-1.1x disc 
width; 2-3 basal group setae, marginal 
vein with 7 long and stout setae along its 
anterior margin, 2 parastigmal setae at its 

base, discal setae uniformily distributed; 
marginal fringe 0.2 disc width; gastral 

dorsum with imbricate lateral margins on 

tergites I-IV, becoming weak on tergite V, 

and stipuled on VI and VII; tergites I-VI 

with 0, 1, 1, 1, 3, 3, and 2 pairs of setae, 

respectively; ovipositor arising at center of 

tergite II, length 1.6-1.7X length of tibia of 

middle leg; valvulae III length 0.4* that 
of ovipositor. 

Male.—Unknown. 

Distribution.—DOMINICAN REPUB- 

LIC; HAITI; USA: Florida. 

Host.—Aleurothrixus floccosus. 

Hispaniola records (in addition to the ho- 
lotype).—HAITI, Kenskoff, 5-8.x1.1929, ex 

Aleurothrixus n. sp., on Prunus myrtifolia; 

Damien, 15.xii.1930, ex Aleurothrixus floc- 

cosus on Spondias mombin (Dozier 1932a). 

Etymology.—This species is named for 
the people of the Dominican Republic. 

Comments.—Dozier (1932a) redescribed 

Encarsia brasiliensis (Hempel) based upon 

the specimens from Haiti mentioned 
above. The original description of this spe- 
cies by Hempel (1904) states that E. brasi- 
liensis is entirely yellow and has a 4-seg- 
mented tarsus on the middle leg. Hem- 

pel’s species is a member of the Encarsia 
luteola species group and will be rede- 
scribed elsewhere from topotypical speci- 

mens by Polaszek and Evans. 

Encarsia formosa Gahan 

Encarsia formosa Gahan 1924:14. 

Hispaniola records.—*DOMINICAN RE- 
PUBLIC, La Vega Province, Constanza, 

1992, S. Tappertzhofen, ex whitefly on Eu- 

phorbia pulcherrima; Santiago Province, La 
Herradura, 4.iv. 1995, C. Serra, ex Bemisia 

tabaci complex, on Euphorbia pulcherrima; 
La Vega Province, El Rio, Constanza, 
25.v.95, C. Serra, ex Trialeurodes vaporiora- 

rum on Manthot esculenta. 
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Encarsia haitiensis Dozier 

Encarsia haitiensis Dozier 1932a:118. 

Hispaniola records.—Holotype female, 
HAITI, Damien, 15.xii.1930, H.L. Dozier, 

ex Aleurothrixus floccosus on Spondias mom- 
bin, in USNM; HAITI, Sarthe, 16.i.1931, ex 

Aleurothrixus floccosus on Guaicum officinale 
(Dozier 1933). 

Encarsia hispida De Santis 

Encarsia hispida De Santis 1948:47. 

Hispaniola record.—DOMINICAN RE- 
PUBLIC, ex Bemisia tuberculata on Manihot 

esculenta, x.1991, P. Stansly (Polaszek et al. 
1992:383). 

Encarsia lanceolata Evans and Polaszek 

Encarsia lanceolata Evans and Polaszek 1997:564. 

Hispaniola records—*DOMINICAN RE- 
PUBLIC, Samana Province, Puerto Escon- 

dido, 22.vi.1996, C. Serra, ex Bemisia tabaci 

on unknown plant; Santiago Province, La 
Herradura, C. Serra, ex *Aleurodicus sp. on 

ornamental palm (probably Sabal sp.); C. 
Serra, ex Tetraleurodes acaciae on Centrose- 

ma pubescens. *HAITI, Morno a Cabrito, 

22.xi1.1930, H. L. Dozier, ex Paraleyrodes or 

Tetraleurodes sp. 

Encarsia nigricephala Dozier 

Encarsia nigricephala Dozier 1937:129. 

Hispaniola records DOMINICAN  RE- 
PUBLIC, San Cristobal Province, San Cris- 

tobal, 15.v.1990, C. Serra, ex Aleurotrache- 

lus sp. on Lycopersicon esculentum; Santiago 
Province, La Herradura, Santiago, 13.vi. 
1995, C. Serra, ex Aleurotrachelus trachoides 

on Capsicum annuum; San Jose de las Ma- 

tas, 26.xi.1995, C. Serra, ex Bemisia tabaci 

complex on Sida sp.; Peravia Province, 

Bani, 16.iv.1995, C. Serra, ex Aleurotrache- 

lus trachoides on Merremia sp. 

Encarsia perplexa Huang and Polaszek 

Encarsia perplexa Huang and Polaszek 1998: 

1934. 
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Prospaltella opulenta Silvestri; Grissell 1979:2 
misidentification. 

Encarsia opulenta (Silvestri); Schauff et al. 1996: 

23 misidentification. 

Hispaniola records—DOMINICAN _ RE- 
PUBLIC. E. perplexa (as E. opulenta), intro- 
duced into the Dominican Republic in 
1996, was very efficient in controlling cit- 
rus blackfly (A. Abud, personal commu- 
nication). 

Comments.—Encarsia perplexa has often 
been misidentified as Encarsia opulenta 
(Silvestri), especially those specimens 

from the New World. According to Huang 

and Polaszek (1998), the midlobe of E. per- 

plexa is dark only proximally, Tl and T2 
of gaster are largely pale and F2 is less 
than 2 as long as wide; as opposed to E. 
opulenta, which has the midlobe, Tl and 
T2 completely dark brown, and F2 more 
than 2 as long as wide. 

Encarsia portoricensis Howard 

Encarsia portoricensis Howard 1907:77. 

Hispaniola records DOMINICAN RE- 
PUBLIC (De Santis 1979). New Record: Sa- 

mana Province, Las Terrenas, iv.1995, C. 

Serra, ex Aleuroglandulus malangae on Xan- 
thosoma sagittifolium and Caladium sp. 

Comments.—Russell (1934) reported this 

species as a parasitoid of the diaspine 
scale, Comstockiella sabalis (Comstock). 

Evans and Pedata (1997) considered this 

record to be an erroneous identification of 

the male of Coccobius donatellae Pedata and 

Evans. 

Encarsia sophia (Girault and Dodd) 
(Fig. 14) 

Coccophagus sofia Girault and Dodd 1915:49. 

Encarsia transvena (Timberlake), See Heraty and 

Polaszek (2000) for complete synonymy. 

Hispaniola records —DOMINICAN  RE- 
PUBLIC, Santiago Province, San Jose de 

las Matas, 15 vii 96, M. Ortiz, ex- 

Trialeurodes vaporariorum on Phaseolus vul- 

garis; Santiago Province, La Herradura, ex 

Aleurodicus dispersus on ornamental; San- 
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tiago, 24.1v.1995, C. Serra, ex Bemisia tub- 

erculata on Manihot esculenta; La Vega 

Province, Jarabacoa, 13.vi.1995, C. Serra, 

ex Bemisia tabaci complex on Brassica oler- 

aced. 

Encarsia tabacivora Viggiani 

Encarsia bemisiae De Santis 1981:37 (name pre 

occupied by Prospaltella bemisiae Ishii). 

Encarsia tabacivora Viggiani 1985:82. 

Hispaniola records.—*DOMINICAN RE- 
PUBLIC, Santiago Province, San Jose de 
las Matas, 5.v1.1996, C. Serra, ex Bemisia ta- 

baci on Baccharis sativas; Santiago Province, 

La Herradura, ex Bemisia tabaci on Solanum 

melongena; La Herradura, ex Aleurodicus 

sp. on ornamental palm (probably Sabal 
sp.); La Herradura, 18.11.1995, ex Trialeu- 

rodes vaporariorum; Peravia Province, Los 

Ranchitos, i.1994, S. Tappertzhofen, ex 
whitefly on Solanum melongena; San Cris- 
tobal Province, San Cristobal, ix.1993, S. 

Tappertzhofen, yellow trap; La Vega, Jar- 

abacoa (>500 masl), 18.1.1996, C. Serra, ex 

Bemisia tabaci and Trialeurodes vaporiorarum 
on Gerbera sp.; Azua Province, La Cabuya, 

1.1994, S. Tappertzhofen, yellow trap and 

ix.1993, whitefly on Solanum melongena; 

Santiago, La Herradura, 18.ii.1995, C. Ser- 

ra, ex Bemisia tabaci. 

Encarsia telemachusi Evans, new species 

(Figs. 21-24) 

Type material—Holotype female, HAI- 
i, oe Cazeau, 25.01.1930, HL. Doz 
ier, “Asterochiton bauhinae’ [=Trialeu- 

Sie Aiden? on Bauhinia divaricata, in 
United States Natural History Museum, 
Washington, D.C., USA; 2 female para- 

types, same data as holotype. 

Diagnosis.—The female of E. telemachusi 
is similar to the light form of E. tabactvora 
Viggiani and can be distinguished by hav- 
ing a bright yellow body, hyaline fore 

wing and F5 slightly longer than F4 and 
slightly shorter than F6; in the light form 
of E. tabacivora, the body a darker yellow, 
with tergite VI slightly infuscate, the fore 



Figs. 21-24. 

tus. 22, Tibia and tarsus, leg H. 23, Antenna. 24, Fore 

Encarsia telemachusi, female, 21, Habi- 

wing. 

wing is infuscate under the marginal vein 
and F5 is distinctly (1.2) longer than F4 

and much shorter than Fo. 
Description.—Female. Coloration (Fig. 

21). Body bright yellow, fore wing hya- 
line. Structure. Antenna (Fig. 23) with 3- 

segmented club, F1—F6 with the following 
number of linear sensilla: F1:0, F2:0, F3:2, 

F4:3, F5:3, F6:3. Midlobe of mesoscutum 

broad, 1.8 wider than long, with elon- 

gate, hexagonal reticulations and 4 pairs 
of setae; setae on side lobes not visible, 

each axilla with 1 short seta located api- 
cally; scutellum with Scl moderate in 
length and not reaching bases of Sc2, dis- 
tance between placoid sensilla about 5x 
the width of one sensillum; endophragma 
reaching middle of gastral tergite II; tibial 
spur of middle leg (Fig. 22) 0.75x corre- 
sponding basitarsus; fore wing (Fig. 24) 

JOURNAL OF HYMENOPTERA RESEARCH 

broad, disc length 1.3 disc width; 3 short 

costal setae along anterior margin of sub- 

marginal vein; 2 basal group setae; sub- 
marginal vein with 2 setae; marginal vein 

with 6 setae along its anterior margin, 2 
parastigmal setae at its base, fore wing 
discal setae sparse with a large asetose 
area under the stigmal vein and posterior 
margin; marginal fringe 0.7 disc width; 

gastral tergite VI with 1 pair of setae be- 
tween cerci; ovipositor arising at center of 

tergite IV, length 1.1 length of tibia of 

middle leg; valvulae HI length 0.3 that 

of ovipositor. 

Male.—Unknown. 

Distribution. HAITI. 

Host.—?Trialeurodes floridensis. 

Hispaniola records—Known_ from_ the 
type locality only. 

Etymology.—This species is named in 

honor of Telemachus, a monk from Asia 

Minor, who stood alone in opposition to 

the gladiator games held in Rome in 400 
A.D., and whose death on the gladiator 

field brought about the end of the games 

in 404 A.D. 

Comments.—The identity of the whitefly 

species from which this parasite emerged 
is uncertain. H. L. Dozier recorded its host 

as “‘Asterochiton bauhinae’’. This name does 

not appear in Mound and Halsey’s 1978 
whitefly catalog; therefore, we assume 

that it is an invalid name. Of the eleven 

aleyrodine species Mound and_ Halsey 
(1978) list as found on Bauhinia, only two 

species, Trialeurodes floridensis (Quaint- 

ance) and Bemisia tabaci (Genn.), are 

known to occur in the New World. In ad- 

dition, a search of the collection records 

stored in the whitefly database of the Flor- 
ida State Collection of Arthropods, 
Gainesville, Florida yielded only one spe- 
cies, Tetraleurodes acaciae (Quaintance), 

that has been found on this host in Florida 

and Puerto Rico. The genus Tetraleurodes 

is very distinct from Asterochiton, and it is 

unlikely that Dozier would have confused 

these two genera. Steven Nakahara 
(USDA, personal communication) report- 
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ed that “there is no slide or dry material 
of Asterochiton bauhinae in the USDA col- 
lection, and that this is probably a manu- 
script name. Most species previously 
placed in Asterochiton in the New World 
are placed in Trialeurodes’’. Therefore, it is 

likely that the true identity of the host of 
this parasite is Trialeurodes floridensis. 

Encarsia variegata Howard 

Encarsia variegata Howard 1908:64. 

Trichoporus variegata (Howard), Dozier 1933:92. 

Hispaniola records.—HAITI, Port-au- 
Prince and Source Cazeau, H.L. Dozier, ex 
Paraleyrodes sp. on Citrus sp. (Dozier 1933). 

Eretmocerus pallidus Dozier 

Eretmocerus pallidus Dozier 1932b:116. 

Hispaniola record.—Holotype female, 
HAITI, Port-au-Prince, 11-17.iv.1931, ex 

Tetraleurodes n. sp. on Annona squamosa 

(USNM). 
Comments.—This species was described 

from 42 females and is apparently unipa- 

rental. 

Eretmocerus portoricensis Dozier 

Eretmocerus portoricensis Dozier 1932b:115; Rose 

and Zolnerowich 1997:18. 

Hispaniola record.—DOMINICAN RE- 
PUBLIC, ex Aleurothrixus floccosus (De San- 

tis 1979). 

Comments.—This species was described 
from 45 females and is apparently unipa- 

rental. 

Eretmocerus serius Silvestri 

Eretmocerus serius Silvestri 1928:46. 

Hispaniola record.—Dozier (1932c)  re- 

ported on the introduction of this species 
into Haiti in 1931. Specimens were sent 

from Cuba and released in Port-au-Prince 

for the control of Aleurocanthus woglumi on 
citrus. A second shipment of this parasite 

was released in the cities of Petionville, 

Turgeau and Thor. 
Comments.—This species has not been 
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recovered in subsequent collections which 
suggests that it may have been displaced 

by Encarsia perplexa Huang and Polaszek 
(=misidentification of E. opulenta) and/or 
Amitus hesperidum Silvestri in most areas 

where Aleurocanthus woglumi occurs. 

Eretmocerus spp. 

Hispaniola specimens.—1 female, DO- 

MINICAN REPUBLIC, x.1991, ex ?Aleu- 

rothrixus floccosus on Manihot esculenta; one 

male specimen, DOMINICAN REPUBLIC, 

La Vega, Jarabacoa, 10.xii.1995, C. Serra 

and M. Ortiz, ex Trialeurodes vaporariorum 

and Bemisia tabaci, on Gerbera sp.; four fe- 

males, DOMINICAN REPUBLIC, Santia- 

go Province, La Herradura, 18.11.1995, C. 

Serra, ex Bemisia tabaci complex; HAITI, 

Damien, 17.vi.1939, ex Aleurothrixus flocos- 

sus on Guaiacum officinarum; 1 female, ex 
Aleuroclava minutus on Ixora coccinea in 

DOMINCAN REPUBLIC, Santiago Prov- 
ince, Santiago, 19.1.1997, C. Serra; DO- 

MINICAN REPUBLIC, Ocoa, Los Ranchi- 

tos, Sabine Tappertrzhofen, whitefly on 
Solanum melongena; DOMINICAN REPUB- 
LIC, Ocoa, Las Carreras, Sabine Tapper- 

trzhofen, whitefly on Solanum melongena; 

DOMINICAN REPUBLIC, Azua, Proy, Sa- 

bine Tappertrzhofen, whitefly on Lycoper- 

sicon esculentum. 

Family Eulophidae 

Neopomphale aleurothrixi (Dozier) 
(Figs. 6, 20) 

Euderomphale aleurothrixus Dozier 1932a:120. 

Neopomphale aleurothrixi (Dozier), Schauff and 

LaSalle (1994). 

Hispaniola records.—Holotype female, 
HAITI, Sarthe, 3—4.ii.1931, ex Aleurothrixus 

floccosus on Guaiacum offinale, in USNM; 
DOMINICAN REPUBLIC, Monte Plata 

Province, Cruz Verde, 25.ix.1996, C. Serra, 

ex Aleurothrixus floccosus on Citrus sinensis 

and C. aurantium. 
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Table 1. 
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Parasitoids associated with whiteflies in Hispaniola. 

Aleurocanthus woglumi Ashby: Encarsia perplexa, Eretmocerus serius 

Aleuroclava minutus (Singh): Eretmocerus sp. 

Aleurodicus dispersus Russell: Encarsia sofia 

Aleurodicus sp.: Encarsia lanceolata 

Aleuroglandulus malangae Russell: Encarsia hispida, Encarsia portoricensis 

Aleuoplatus sp.: Encarsia catherinae 

Aleurothrixus floccosus (Maskell): Cales noacki, Encarsia cubensis, Encarsia dominicana, Encarsia haitiensis, Encar- 

sia variegata, Eretmocerus portoricensis, Eretmocerus sp., Neopomphale aleurothrixi, Signiphora townsendi (hyper- 

parasitoid) 
Aleurotrachelus trachoides (Back): Encarsia nigricephala 

Bemisia tabaci (Genn.)—complex: Encarsia hispida, Encarsia lanceolata, Encarsia tabacivora, Eretmocerus sp., Signi- 

phora aleyrodis (hyperparasitoid) 

Bemisia tuberculata Hempel: Encarsia cubensis, Encarsia hispida, Encarsia sofia 

Paraleyrodes naranjae Dozier: Encarsia variegata 

Paraleyrodes perseae (Quaintance): Encarsia variegata 

Tetraleurodes sp.: Eretmocerus pallidus 

Trialeurodes floridensis? (Quaintance): Encarsia telemachusi 

Trialeurodes vaporariorum (Westwood): Amitus fuscipennis, Encarsia formosa, Encarsia hispida, Encarsia tabacivora 

Unidentified aleyrodid: Eretmocerus sp. 

Family Signiphoridae 

Signiphora aleyrodis Ashmead 
(Figs. 9, 15, 18) 

Signiphora aleyrodis Ashmead 1900:412. 

Hispaniola record.—DOMINICAN RE- 
PUBLIC, Azua Province, La Cabuya, S. 

Tappertzhofen, yellow trap (a hyperpara- 
site through whitefly species). 

Signiphora townsendi Ashmead 
(Figs. 10, 11) 

Signiphora townsendi Ashmead 1900:412. 

Hispaniola record.—DOMINICAN RE- 
PUBLIC, Santiago Province, La Herradu- 

ra, C. Serra 6.vi.95, ex Aleurothrixus flocco- 

sus on Psidium guajava (a hyperparasite). 

Family Platygastridae 

Amitus fuscipennnis MacGown and 
Nebeker 
(Fig. 5) 

Amitus fuscipennnis MacGown and Nebeker 

1978; Viggiani 1991 (redescription). 

Hispaniola records —DOMINICAN  RE- 
PUBLIC,” Cord “Central, 17.11.1972 

(MacGown and Nebeker 1978); DOMINI- 

CAN REPUBLIC, La Vega Province, Ar- 

royo Prieto, Constanza, 16.v.1995, C. Ser- 

ra, ex Trialeurodes vaporariorum on tomato, 

Lycopersicon esculentum; La Vega Province, 

Tubuagua, C. Serra, 16.v.1995, ex Bemisia 

tabaci complex and/or Aleurotrachelus sp., 
on Lycopersicon esculentum; Sabaneta, Jar- 

abacoa, 13.vi.1995, C. Serra, T. vaporarior- 

um on Helianthus annuum. 

DISCUSSION 

The parasitoid complex reared from the 
various whitefly species in Hispaniola is 
similar to that found in several other Neo- 
tropical countries. Most of the parasitoid 
species attacking Aleurothrixus floccosus 
have a very narrow host range; most of 

them are only known from this species 
and few are known to attack relatively 
few alternate hosts. Amitus fuscipennis oc- 
curs in Florida and several Neotropical 
countries and is often reared from the 
greenhouse whitefly, Trialeurodes vapora- 

riorum, as is Encarsia formosa which has 
been introduced into many areas of the 
world. Encarsia hispida, E. lanceolata, E. ni- 
gricephala, E. sofia and E. tabacivora are very 
widespread and are known to parasitize 
various whitefly hosts; with the exception 
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of Encarsia luteola, which has not been 
found in Hispaniola, these species com- 
prise the majority of the parasitoids reared 
from the Bemisia tabaci complex in the 
New World. 
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Abstract—Hymenopteran parasitoids of leafminers in California are reviewed and an illustrated 

key to 44 genera (except Braconidae) is presented. Leafminer surveys conducted by Michael Gates 
(MWG) and John Heraty (JMH) between 1996 and 1999, sought to assess native parasitoid fauna 
in preparation for the anticipated arrival of the citrus leafminer (CLM), Phyllocnistis citrella Stain- 

ton, in California. These records are augmented with leafminer parasitoid rearing records of David 

Wagner (DLW) and Jim Whitfield (BW) accumulated between 1979-1986. Comparison of Cali- 

fornia parasitoid fauna with CLM parasitoids from other regions would indicate which native 

species are likely to shift onto CLM as potential autochenous biocontrol agents. Members of the 
families Eulophidae, Encyrtidae, Pteromalidae, Chalcididae, Eurytomidae, Eupelmidae, Torymi- 

dae (Chalcidoidea), Bethylidae (Chrysidoidea), Braconidae, and Ichneumonidae (Ichneumonoidea) 

were recovered, with >80% of specimens reared belonging to Eulophidae. 

This project was initially conceived and 

funded as a preparatory step in address- 
ing the inevitable establishment of the cit- 
rus leafminer (CLM), Phyllocnistis citrella 

Stainton, (Lepidoptera: Gracillariidae: 
Phyllocnistinae) into California citrus. 

Eventually, the project expanded to doc- 
ument the identities of not only leafminers 

and their parasitoids reared by MWG and 
JMH (see below) from citrus growing re- 

gions and native biotic zones of southern 
California, but also numerous specimens 

reared by DLW and JBW, primarily from 

central and northern California between 

1979-1986. 

Parasitoids, particularly Chalcidoidea, 

of leafmining insects are usually general- 
ists with respect to host or plant taxon 

with which they are associated (Askew 

and Shaw 1974). The same appears true 
with Ichneumonoidea, although the Bra- 

conidae appear to exhibit more speciali- 
zation for a given host taxon (Shaw and 

Askew 1976). Additionally, idiobionts 

(host permanently paralyzed or killed at 
time of parasitoid attack) are often gener- 
alists while koinobionts (host paralyzed 
only during oviposition by parasitoid) are 
primarily specialists with Ichneumono- 
idea containing a higher proportion of ko- 
inobionts than Chalcidoidea (see discus- 

sion in Godfray (1994)). Those ichneumon- 

ids attacking leafminers are often faculta- 
tive and, like Chalcidoidea, relatively 

unspecialized (Shaw and Askew 1976). 

Most leafminer parasitoids are niche spe- 
cialists rather than host specialists and fac- 
tors other than host taxonomy directly af- 
fect the degree of specialization displayed 
by leafminer parasitoids. These factors in- 
clude host plant (phenology, chemistry, 
etc.), leafmine location (ab- or adaxial leaf 
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surface) or mine structure (tentiform, ser- 

pentine, blotch, etc.) (Askew and Shaw 
1974). 

The eulophid Sympiesis sericeicornis 
Nees (Hymenoptera: Eulophidae) is found 
on Phyllonorycter spp. (including P. blan- 

cardella) (Lepidoptera: Gracillariidae) 

throughout the Holarctic region (Boucek 

1959a, Miller 1970, Doganlar 1980) and 
dominates the chalcid fauna in southern 
Ontario (Johnson et al. 1976, Hagley 1985). 

However, it is replaced in dominance by 
Sympiesis marylandensis Girault outside of 
Ontario (Pottinger and Leroux 1971, Maier 

1984a, b, Ridgway and Mahr 1985). Maier 
(1988b) provided further evidence of niche 
(but not host) specialization during an in- 

vestigation of the gracillariid hosts of S. 
marylandensis in New England, an impor- 

tant parasitoid of the two apple pests, P. 
blancardella and P. crataegella. He affirmed 
that S. marylandensis prefers abaxial mines, 
attacking 33 gracillariid leafminer species 
on 49 plant species (primarily trees, but 
also shrubs and herbs). Further, many ag- 

riculturally important parasitoids (includ- 
ing S. marylandensis) occur on congeneric 
leafminers of native cherry trees and serve 
as another parasitoid reservoir (Maier 

1988a). Both examples illustrate the im- 

portance of native plants and leafminers 

as reservoirs for parasitoids important in 

biological control. 
This study was undertaken to assess na- 

tive leafminer parasitoid populations in 
southern California and to determine if 
any parasitoid species supported by na- 
tive leafminers might shift to and provide 
fortuitous biocontrol of CLM after its ar- 
rival in California. The CLM is native to 

Southeast Asia, with populations extend- 

ing west to the Saudi Peninsula and east 
to Japan (Heppner 1993). CLM spread to 
Australia and Africa by the early 18th cen- 
tury and by 1993 colonized most citrus- 
growing regions of the Old World. Since 

1993, when CLM was first detected in 

Florida, it has spread throughout the Neo- 
tropics from Argentina and Mexico to 
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southern Arizona (Heppner 1993, Knapp 

et al. 1995). CLM was notably absent from 

California citrus until 2000 (Guillén et al. 

2001), when it was detected in the Impe- 

rial Valley. 
Utilization of native parasitoids in the 

biocontrol of introduced pests is not a new 
concept (LaSalle and Gauld 1993, LaSalle 

1993) and has many potential advantages 
over importing exotic parasitoids from a 

pest’s native range: 1) the need for time- 
consuming and expensive foreign explo- 
ration is eliminated, 2) importation and 

quarantine protocols become unnecessary, 
3) potential detrimental impacts of exotic 

parasitoid introduction upon non-target 
leafminers and their parasitoids is elimi- 

nated. This reservoir of native parasitoids, 
which can provide control of exotic pests, 
is one of the benefits of preserving biodi- 
versity via habitat conservation (see dis- 

cussion and references in LaSalle and 

Gauld 1993, LaSalle 1993, LaSalle and 
Pena 1997). Thus, preserving native habi- 

tats with their resident potential biocon- 

trol agents can yield economic benefits as 
it pertains to a program of sustainable ag- 
riculture (LaSalle and Gauld 1993, LaSalle 

1993). 
Previously unnoticed native parasitoids 

switching to provide control of an intro- 
duced pest has been documented. Rose 
and DeBach (1982, 1992) found that Eret- 

mocerus debachi Rose and Rosen (Hyme- 

noptera: Aphelinidae) effectively con- 
trolled the bayberry whitefly (Parabemisia 

myricae (Kuwana) (Hemiptera: Aleyrodi- 

dae)) introduced into southern California 

from eastern Asia. Subsequent releases of 
E. debachi successfully controlled P. myri- 

cae in Israel and Turkey (Rose and DeBach 

1992). This example highlights not only 
the importance of native parasitoids in 
fortuitous biocontrol, but also their poten- 
tial for introduction as a non-native agent 
in other parts of the world. In surveying 
native parasitoids attacking CLM in Flor- 

ida, eight genera and at least eight species 
were recovered from CLM, 87.4% of these 
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belonging to Eulophidae (Pena et al. 1996). 
However, only Pnigalio minio (Walker) 

was present year-round; it accounted for 
69-88% of all parasitoids reared between 

1993-1995. Additionally, four of the same 

eulophid genera present in Florida were 

also recovered in south Texas (Legaspi 

and French 1996) from CLM. Survey re- 

sults from California recovered all of the 

same genera documented from CLM in 
many parts of the world. Further, a new 

species of native eulophid parasitoid, Cir- 

rospilus coachellae Gates (Gates 2000), at- 

tacks the citrus peelminer (CPM), Marmara 

gulosa Guillén and Davis (Lepidoptera: 
Gracillariidae) (Guillén et al. 2001), a cy- 

clical pest of grapefruit. This eulophid has 
been demonstrated to be effective in re- 

ducing CPM populations in the Coachella 
Valley in Southern California. Coloniza- 

tion of C. coachellae is underway at the 

University of California at Riverside in 
preparation for use against CLM (Guillén, 
pers. comm.) and this wasp has been re- 
leased against CPM in Kern County, CA 
where CPM has recently become problem- 
atic. 

Finally, an interesting study of alterna- 
tive hosts for CLM parasitoids found on 
the native flora in and around citrus 

groves in the Mediterranean region (Mas- 

Proportion of chalcidoid families reared from leafminers based on number of parasitoids recovered. 

sa et al. 2001) indicated that presumed 

specialist parasitoids were in fact gener- 
alists which attacked non-target hosts. 
Thus, exotic released parasitoids might 
displace native parasitoids through direct 
competition, reducing the diversity of the 
native parasitoid resource. Little definitive 
documentation exists, but Bennett (1993) 

provides information on several biocon- 
trol agents that have been released and 
appear to have displaced native parasit- 
oids, though the evidence is not incontro- 
vertible. A better example is presented by 
Viggiani (1994) in which the native para- 

sitoid complex of the viburnum whitefly, 

Aleurotuba jelineki (Frauenfeld) (Hemip- 

tera: Aleyrodidae), was completely dis- 
placed in many areas in southern Italy by 
Cales noacki Howard, introduced against 

the woolly whitefly. 
Over 80 species of parasitoids (both na- 

tive and introduced species) have been re- 
corded from CLM worldwide and appear 
to provide effective control in many cases 
(Schauff et al. 1998 and references therein). 

Our current study recovered Eulophidae 
from >80% of the 5,400 samples reared by 
MWG and JMH (Fig. A) with the next- 

largest proportion of parasitoids belong- 
ing to Braconidae. When parasitoid spe- 

accumulation is calculated cies across 
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Fig. B. Species accumulation of leafminers and their parasitoids (One time interval = 6 months). 

sampling time periods (Fig. B), it appears 
that more species remain to be recovered 

with continued sampling. However, these 

curves are based upon an arbitrary divi- 

sion of the sampling period of MWG/ 

JMH into six-month blocks and serve only 

as a gross estimate of accumulation. Sum- 

maries of the rearing data of DLW and 
JBW are not included as many reared chal- 
cidoid leafminer parasitoids were not pre- 
served and are no longer retrievable by 

the authors and counts of numbers and di- 

versity of parasitoid species would likely 

underestimate actual values. 

MATERIALS AND METHODS 

Included in Table 1 are all records of 
(where determined) plant hosts, leafminer 

hosts and parasitoids of those leafminers 
in California which were recovered during 
this study. Microhymenopteran parasitoid 
families and genera are summarized in 
Table 3, with genera of Braconidae desig- 
nated by letters as they are not treated 
herein. An ancillary goal of this project is 
to allow comparisons with similar studies 
to be made with respect to which parasit- 
oid genera and species are typically recov- 

ered from native leafminers, and _ also, 
which of those parasitoids are document- 
ed from CLM or could be considered like- 
ly to attack CLM. 

Protocols of MWG and JMH for rearing 
individual leafminers are detailed below. 
Leafminers in their host plants were col- 
lected from field localities and placed into 
brown paper bags that were placed into 1 
gallon Zip-Loc™ bags labeled with the lo- 
cality information. This system allowed 
for maintenance of high humidity while 
inhibiting significant accumulation of con- 
densation inside of each sample bag. Sam- 
ples so prepared could be stored up to 4 
days in a refrigerator with minimal loss of 
plant quality, which maximized leafminer 
and parasitoid survival. From these plant 
samples, individual leafmines were ex- 
cised and placed into separate 4-dram 
shell vials and each vial was _ tightly 

plugged with cotton. Each vial received a 
unique alphanumeric code that was 

placed in the vial with the sample and 
each code was recorded in a project note- 
book. Vials were then inserted into the 1 
cm? spaces in plastic grids designed to fit 
fluorescent lighting fixtures common in 
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Table 1. Hymenopterous parasitoids reared from native leafminers in California. 

Plant family /species Guild Leafminer Parasitoids 

Anacardiaceae 

Rhus integrifolia (Nutt.) WSs! Stigmella rhoifoliella (Braun) Closterocerus utahensis Craw- 

fordt 

Rhus diversiloba T. and G. LSBM/LR Caloptilia diversilobiella Opler — Sympiesis marylandensis Gi- 

rault, Goniozus sp., Pholete- 

sor bedelliae (Viereck), Phole- 

tesor salicifoliellae (Mason). 

Bathythrix latifrons (Cush- 

man)t 

Rhus ovata S. Watson USBM/LR Caloptilia ovatiella Opler Pholetesor salalicus (Mason)t 
Asteraceae 

Arnica parryi A. Gray LSBM Acrocercops sp. Mesochorus sp.t 

Artemisia douglasiana Besser USS/B Unknown Chrysocharis ainsliei Crawford, 

Aprostocetus sp.t 

Artemisia douglasiana Besser CS/E Bucculatrix sp. Paroligoneurus sp., Pholetesor 

n. sp. 4$ 

Artemisia douglasiana Besser LSBM Cremastobombycia n. sp. Apanteles sp., Colastes sp.t 

Artemisia suksdorfi Piper “Jeaf miner” Pholetesor salalicus (Mason)t 

Artemisia tridentata Nutt. CS/E Bucculatrix sp. Deuterixys pacifica Whitfield, 

Gelis sp. 3 (fem), Gelis sp. 4 

(male) 

Artemisia tridentata Nutt. CS/E Bucculatrix sp. Pholetesor bedelliae (Viereck)t 

Artemisia sp. ?Agromyzidae Brachymeria sp.t 

Artemisia sp. LSBM Cremastobombycia sp. Pnigalio sp.t 

Aster chilensis Nees FDBM Coleophora sp. Mesopolobus sp. 

Aster sp. USS Calycomyza sp., Liriomyza sp. Diglyphus sp.t 

Aster sp. FDBM Tischeria sp. Pnigalio flavipes (Ashmead), 

Aprostocetus sp., Chrysochar- 

is sp., Sympiesis stigmata 

Girault, Apanteles sp., Za- 

grammosoma mirum Giraultt 

Baccharis pilularis DC. CS/E Bucculatrix variabilis Braun Pholetesor n. sp. 4, Pholetesor 

n. sp. 2, Deuterixys pacifica 

Whitfield, Stiropius califor- 

nicus Whitfield 

Baccharis pilularis DC. Cove Bucculatrix dominatrix Rubi- Pholetesor n. sp. 2$ 

noff and Osborne 
Baccharis pilularis DC. LSBM Cremastobombycia sp. Apanteles sp.$ 

Baccharis salicifolia (R. Lopez USS Bucculatrix sp. or Agromyzi- = Sympiesis marylandensis Gi- 

and Pavon) dae rault, Chrysocharis ainsliei 

Craw fordt 

Baccharis sp. CS/E Bucculatrix sp. Gelis sp. 6 (fem), Gelis sp. 1 

(male), Gelis sp. 2 (fem)t 

Baccharis sp. CS/E Bucculatrix 2variabilis Braun Gelis sp. 1 (male) Gelis sp. 2 

(fem)t 

Brickellia sp. FDBM Tischeria sp. Apanteles sp.f 

Bidens pilosa L. USS Liriomyza sp. Diglyphus begini (Ashmead), 
Closterocerus cinctipennis 

Ashmead, C. utahensis 

Crawford, Chrysocharis sp.t 

Cirsium vulgare (Savi) USS Liriomyza sp. Closterocerus sp., Closterocerus 

poss. submutica Grahamt 

Encelia californica Nutt. CS/E Bucculatrix sp. Apanteles sp.$ 
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Encelia californica Nutt. LSBM Acrocercops sp. Apanteles sp.t 

Encelia farinosa Gray USS/B Calycomyza enceliae Spencer Pnigalio maculipes (Crawford )t 

Gnaphalium sp. ?LSBM ?Cremastobombycia sp. Dolichogenidea sp. 

Grindelia sp. USBM Cremastobombycia grindeliella — Pnigalio ?sp., Aprostocetus sp.t 

Wlsm. 

Helianthus annuus L. USS Calycomyza enceliae Spencer Chrysocharis ainsliet Crawford, 

Pnigalio flavipes (Ashmead)t 

Iva axillaris Pursh. CS/E Bucculatrix sp. Deuterixys pacifica Whitfield} 

Silybum marianum Gaertn. —CS/B Liriomyza sp. Diglyphus begini (Ashmead )t 

Solidago sp. LSBM Acrocercops sp. Pholetesor bedelliae (Viereck)$ 

Sonchus oleraceous L. GS Chromatomyia syngenesiae Pediobius acantha (Walker), 

Hardy Pnigalio colont (Girault), 

Chrysocharis ainsliet Craw- 

ford, Diglyphus begini (Ash- 

mead), Closterocerus sp.t 

Venegasia carpesioides DC CS Agromyzidae Colastes n. sp., Diglyphus begi- 
ni (Ashmead )t 

Wyethia mollis A. Gray CS/E Bucculatrix divisa Braun Pholetesor bedelliae (Viereck)t 

Xanthium strumariun L. USS Calycomyza sp. Thinodytes caroticus Heydon, 
Pnigalio boharti Yoshimoto, 

Chrysocharis ainsliet Craw- 

ford, Halticoptera sp., Sym- 

piesis marylandensis Giraultt 

Berberidaceae 

Berberis pinnata Lagasca USS Stigmella sp. Colastes sp. 

Betulaceae 

Alnus rhombifolia Nutt. USS/B Closterocerus utahensis Craw- 

fordt 

Alnus rubra Bong. USBM Phyllonorycter incana (Walsm.)  Pholetesor salicifoliellae (Ma- 

son), Mesochorus sp., Pniga- 

lio sp. 

Alnus tenuifolia Nutt. USBM or Caloptilia alnivorella (Cham- Apanteles sp., Pholetesor salici- 

LSBM/LR bers) foliellae (Mason) 

Alnus tenuifolia Nutt. USBM or Phyllonorycter sp. Colastes sp.t 

LSBM 

Betula fontinalis Sargent LSBM>>LS Parornix sp. Pholetesor salalicus (Mason), 

Pholetesor salicifoliellae (Ma- 

son)t 

Corylus cornuta Marsh. LSBM Phyllonorycter sp. Rhysipolis decorator (Haliday)t 

Bignoniaceae 

Chilopsis linearis (Cav.) USS/B Closterocerus utahensis Craw- 

fordt 

Buxaceae 

Simmondsia chinensis (Link.) CB ?Periploca sp. Bassus calcaratus (Cresson), 

Trichomalopsis sp., Symptesis 

stigmata Girault, Sympiesis 

2acrobasidis Miller, Sympies- 

is 2sericeicornis (Nees)t 

Brassicaceae 

Hirschfeldia incana (L.) USS Liriomyza sp. Colastes n. sp., Diglyphus begi- 

ni (Ashmead), Euderus sp., 

Chrysocharis sp.t 
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Caprifoliaceae 

Lonicera hispidula Douglas FDBM Perittia passula Kaila Apanteles sp.t 

Lonicera hispidula Douglas LSBM Phyllonorycter sp. Colastes sp.t 

Lonicera sp. LSBM Phyllonorycter sp. Apanteles sp.t 

Lonicera subspicata H and A USS/B Agromyzidae Diglyphus begini (Ashmead)t 

or Symphoricarpos mollis 

Nutt. 

Symphoricarpos mollis Nutt. © FDBM Perittia sp. Apanteles sp.t 

Symphoricarpos mollis Nutt. | LSBM Phyllonorycter sp. Apanteles sp., Colastes sp., 

Parahormius sp.t 

Symphoricarpos albus (L.) LSBM Phyllonorycter sp. Pholetesor salicifoliellae (Ma- 

son)t 

Symphoricarpos sp. LSBM Phyllonorycter sp. Encrateola sp., Pimpla sp., Gel- 

is sp. 2 (fem)t 

Convolvulaceae 

Convolvulus arvensis L. FDBM Bedellia somnulentella (Zeller) — Parahormius sp., Gelis sp. 2 

(fem), Pholetesor bedelliae 

(Viereck)t 

Cornaceae 

Cornus sp. FDBM Antispila aurirubra Braun Pnigalio flavipes (Ashmead), 

Pediobius albipes (Provanch- 

er), Colastes sp.$ 

Cucurbitaceae 
Cucumis mello L. USS/B Liriomyza sativae Blanchard ?Neochrysocharis sp.t 

Cucurbita foetidissima HBK ~~ USS/B Agromyzidae Diaulinopsis callichroma Craw- 
ford, Diglyphus begini (Ash- 

mead), Neochrysocharis diasta- 

tae (Howard), Neochrysocharis 

arizonensis (Crawford), Thi- 

nodytes caroticus Heydont 

Cyperaceae 

Carex sp. USS/FDBM — Elachista sp. Pholetesor bedelliae (Viereck), 

Colastes sp. 

Datiscaceae 
Datisca glomerata (Presl.) CS Liriomyza sp. Pnigalio coloni Girault, Chryso- 

charis oscinidis Ashmead, 

Halticoptera sp., Spalangia 

sp., Gonatocerus (!?), Encyr- 

tinae, Closterocerus cincinna- 

tus Girault, Brasema ?macro- 

carpae (Ashmead)t 

Ericaceae 
Arbutus menziesii Pursh. USS/FDBM Coptodisca arbutiella Busck Closterocerus trifasciatus 

Westw., Symipiesis sp., 

Chrysocharis sp., Mirax ec- 

toedemiae (Rohwer)t 

Arbutus menziesii Pursh. USS Marmara arbutiella Busck Apanteles sp., Mirax ectoede- 
miae (Rohwer)t 

Arbutus menziesii Pursh. LSBM or Phyllonorycter arbutusella Sympiesis stigmata Girault, 

USBM Braun Chrysocharis sp., Neochryso- 

charis ?sp., Achrysocharoides 

?zwoelfert (Delucchi)t 

Arctostaphylos columbiana USBM or Phyllonorycter 2?manzanitae Colastes sp., Pholetesor salalicus 

Piper LSBM Braun (Mason)t 
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Arctostaphylos glauca Lindl. 

Arctostaphylos manzanita C. 

Parry 

Arctostaphylos patula E. 

Greene 
Arctostaphylos stansfordiana 

C. Parry 

Arctostaphylos virgata Eastw. 

Arctostaphylos virgata Eastw. 

Arctostaphylos sp. 

Arctostaphylos sp. 

Arctostaphylos sp. 

Gaultheria shallon Pursh. 

Kalmia polifolia Wangenh. 

Ledum glandulosum Nutt. 

Rhododendron occidentale 

(Torrey and Gray) 

Rhododendron occidentale 

(Torrey and Gray) 

Rhododendron (ornamentals) 

Rhododendron sp. 

Vaccinium ovatum Pursh. 

Vaccinium sp. 

Fabaceae 

Lathyrus sp. 

Lathyrus sp. 

Lotus scoparius (Nutt.) 

Lotus sp. 

Medicago sativa L. 

Guild 

USS 

CS/FDBM 

USS 

CS/FDBM 

CS/FDBM 

USBM or 

LSBM 

CS/FDBM 

USBM or 

LSBM 

CS/FDBM 

USBM 

LSBM 

USBM 

CS/FDBM 

LSBM/LS 

LSBM/LS 

CS/FDBM 

USBM 

USBM 

LSBM 
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Leafminer 

?Gelechiidae 

Coptodisca ?arbutiella Busck 

Marmara arbutiella Busck 

Coptodisca ?arbutiella Busck 

Coptodisca ?arbutiella Busck 

Phyllonorycter manzanitae 

Braun 

Coptodisca 2arbutiella Busck 

Phyllonorycter manzanitae 

Braun 

Coptodisca ?arbutiella Busck 

Cameraria gaultheriella Wism. 

Phyllonorycter n. sp. 

Phyllonorycter ledella Wlsm. 

Lyonetia candida Braun 

Caloptilia ferruginella (Braun) 

Caloptilia azaleella (Braun) 

Lyonetia latistrigella Wlsm. 

Cameraria nemoris (Walsm.) 

Cameraria nemoris (Walsm.) 

Phyllonrycter nr memorabilis 

(WIsm.) or Protolithocolletis 

lathyri Braun 

Microcalyptris lotella Wagner 

“leafminer” 

Liriomyza sativae Blanchard 

Parasitoids 

Torymus sp., Eupelmus sp.t 

Mirax ectoedemiae (Rohwer)t 

Mirax ectoedemiae (Rohwer)t 

Mirax ectoedemiae (Rohwer)t 

Mirax ectoedemiae (Rohwer)t 

Mirax ectoedemiae (Rohwer)t 

Mirax ectoedemiae (Rohwer)t 

Apanteles sp., Neochrysocharis 

sp., Sympiesis stigmata Gi- 

rault, Pnigalio flavipes (Ash- 

mead), Mirax ectoedemiae 

(Rohwer), Pholetesor salali- 

cus (Mason)t 

Chrysocharis sp.t 

Ageniaspis bicoloripes (Girault), 

Chrysocharis sp., Colastes 

sp., Pholetesor salalicus (Ma- 

son), Pholetesor n. sp. 3 

Pholetesor salalicus (Mason) 

Achrysocharoides ?zwoelferi 

(Delucchi), Colastes sp.t 

Pnigalio flavipes (Ashmead)t 

Pholetesor salalicus (Mason), 

Pholetesor salicifoliellae (Ma- 

son)t 

Pholetesor salalicus (Mason)t 

Closterocerus trifasciatus West- 

wood, Sympiesis marylan- 

densis Giraultt 

Colastes sp., Pholetesor salalicus 

(Mason)t 

Achrysocharoides ?zwoelferi 

(Delucchi)t 

Pholetesor salicifoliellae (Ma- 

son), Colastes sp. 

Gelis sp. 3 (male) 

Chelonus sp., Mirax ectoede- 

miae (Rohwer)t 

Parahormius sp.$ 

Diaulinopsis callichroma Craw- 

ford, Closterocerus cincinna- 

tus Girault, C utahensis 

Crawford, Achrysocharoides 

?zwoelferi (Delucchi), Neo- 

chrysocharis arizonensis 

(Crawford), Chrysocharis 

sp.t 



VOLUME 11, NUMBER 2, 2002 

Table 1. Continued. 

Plant family /species Guild Leafminer Parasitoids 

Fagaceae 

Chrysolepis chrysophalla 

(Hook.) 

Chrysolepis chrysophalla 

(Hook.) 

Chrysolepis sempervivens 

(Hook.) 

Chrysolepis sempervirens 

(Kellogg) 

Lithocarpus densiflorus Hook 

and Arn. 

Lithocarpus densiflorus Hook 

and Arn. 

Quercus agrifolia Nee 

Quercus agrifolia Nee 

Quercus agrifolia Nee 

Quercus agrifolia Nee 

Quercus agrifolia Nee 

Quercus agrifolia Nee. 

Quercus agrifolia Nee. 

Quercus agrifolia Nee 

Quercus agrifolia Nee 

Quercus agrifolia Nee 
c ~ 

Quercus agrifolia Nee 

Quercus agrifolia Nee 

Quercus agrifolia Nee 

Quercus alba L. 

Quercus alba L. 

LSBM 

USBM 

USBM 

LSBM 

LSBM 

USS 

USBM 

CS/E 

LSBM or 

USBM/LS 

USBM 

USS 

USS 

USBM 

USBM 

USBM or 

LSBM/LR 

LSBM 

MVT/FDBM 

USS/FDBM 

Phyllonorycter n. sp. 

Cameraria tildeni Opler and 

Davis 

Cameraria sempervirensella 

Opler and Davis 

Phyllonorycter n. sp. 

Phyllonorycter n. sp. 

Stigmella sp. 

Acrocercops insulariella Opler 

Bucculatrix albertiella Busck 

Caloptilia reticulata (Braun) 

Cameraria agrifoliella (Braun) 

Stigmella variella (Braun) 

Stigmella ?variella (Braun) 

Cameraria agrifoliella (Braun) 

Cameraria wislizeniella Opler 

Caloptilia sp. 

Phyllonorycter sp. 

Neurobathra bohartiella Opler 

Stigmella variella (Braun) 

Tischeria discreta Braun 

Phyllonorycter sp. 

Tischeria sp. 

Chrysocharis sp., Pnigalio sp., 

Pholetesor salalicus (Mason) 

Pholetesor salalicus (Mason) 

Pholetesor salalicus (Mason)t 

Pholetesor salalicus (Mason) 

Pholetesor salalicus (Mason) 

Mirax ectoedemiae (Rohwer), 

Paradelius rubra Whitfield} 

Pholetesor salalicus (Mason)t 

Cantharoctonus sp., Deuterixys 

quercicola Whitfield, Pholete- 

sor bucculatricis (Muese- 

beck), Pholetesor n. sp. 4, 

Gelis sp. 2 (fem), Gelis sp. 4 

(fem), Gelis sp. 5 (fem), Gel- 

is sp. 1 (male), Gelis sp. 4, 

Gelis sp. 5 (male)t 

Dolichogenidea sp., Campoplex 

sp.t 
Pholetesor salalicus (Mason)t 

Mirax ectoedemiae (Rohwer), 

Paradelius rubra Whitfield, 

Parahormius sp. 

Dolichogenidea tischeriae (Vi- 

ereck)f 

Sympiesis marylandensis Gi- 

rault, Pnigalio flavipes (Ash- 

mead), Cirrospilus sp., 

Aprostocetus sp.t 

Encyrtinae, Chrysocharis sp., 

Sympiesis marylandensis Gi- 

raultt 

Campoplex sp., Scambus hirti- 

cauda (Provancher)t 

Symplesis sp., Chrysocharis sp., 

Pnigalio levis Yoshimoto, 

Horismenus fraternus (Fitch), 

Agentaspis bicoloripes (Gi- 

rault)t 

Euderus sp., Chrysocharis sp., 

Sympiesis marylandensis Gi- 

rault, Cirrospilus flavicinctus 

Riley, Neochrysocharis sp.t 

Chrysocharis sp., Parablastoth- 

rix nearctica Miller, Sym- 

plesis sp. 

Conura sp.t 

Pediobius sp.t 

Chrysocharis sp.$ 
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Quercus alvordiana Eastw. USS/FDBM _ Tischeria sp. Aprostocetus sp., Conura side 
(Walker), Miotropis californi- 

cus Giraultt 

Quercus arizonica Sarg. USS/FDBM_ © Tischeria arizonica Braun Chrysocharis sp., Sympiesis 
stigmata Girault, Horismen- 

us fraternus (Fitch), Clostero- 

cerus cinctipennis Ashmead, 

Pnigalio uroplatae (Pro- 

vancher), Closterocerus sp.t 

Quercus chrysolepis Liebm. LSBM Phyllonorycter sp. Achrysocharoides villosus Kam- 

io, Hemiptarsenus sp., Pe- 

diobius sp., Chrysocharis sp.t 

Quercus chrysolepis Liebm. USBM Cameraria diabloensis Opler Sympiesis marylandensis Gi- 

and Davis rault, Chrysocharis sp., 

Ageniaspis bicoloripes (Gi- 

rault)t 

Quercus chrysolepis Liebm. |= LSBM Phyllonorycter leucothorax Chrysocharis sp.t 

(Wlsm.) 

Quercus chrysolepis Liebm. — USS Stigmella sp. Gelis sp. 4 (fem), Mirax ectoe- 
demiae (Rohwer)t 

Quercus chrysolepis Liebm. USBM Cameraria shenaniganensis Eupelmus sp., Pteromalinae, 

Opler and Davis Tetrastichinae} 

Quercus chrysolepis Liebm. | LSBM Acrocercops n. sp. Bassus calcaratus (Cresson)t 

Quercus chrysolepis Liebm. = LSBM/LR Caloptilia sp. Dolichogenidea sp.t 

Quercus chrysolepis Liebm. | USBM Cameraria sp. Pholetesor salalicus (Mason) 

Quercus chrysolepis Liebm. LSBM Phyllonorycter sp. Pholetesor salalicus (Mason)t 

Quercus chrysolepis Liebm. FDBM Stilbosis dulcedo (Hodges) Chelonus sp., Mirax ectoede- 

mae (Rohwer), Baryscapus 

sp.t 

Quercus douglasti Hook and CS/E Bucculatrix sp. Stiropius californicus Whit- 

Arn. 

Quercus douglastt Hook and CS/E 

Arn. 

Quercus douglastt Hook and 

Arn. 

Quercus dumosa Nutt. 

Quercus dumosa Nutt. 

Quercus dumosa Nutt. 

Quercus dumosa Nutt. 

Quercus dumosa Nutt. 

Quercus dumosa Nutt. 

Quercus dunnii Kellogg 

Quercus durata Jepson 

Quercus durata Jepson 

Quercus ?falcata Michx. 

Quercus garryana Hook 

USBM 

LSBM/LR 

USBM 

USS 

USS/FDBM 

/FDBM 

Bucculatrix zophopasta Braun 

Cameraria pentekes Opler and 

Davis 

Caloptilia sp. 

Cameraria sp. 

Phyllonorcyter sp. 

Stigmella sp. 

Cameraria jacintoensis Opler 

and Davis 

Tischeria consanguinea Braun 

Cameraria nr. temblorensis 

Opler and Davis 

Phyllonorycter n. sp. 

Stigmella sp. 

Tischeria sp. 

Tischeria sp. 

fieldt 
Pholetesor n. sp. 4$ 

Pholetesor salalicus (Mason)t 

Bassus calcaratus (Cresson)t 

Mirax ectoedemiae (Rohwer), 

Pholetesor salalicus (Mason), 

Closterocerus ?cincinnatus 

Giraultt 

Mirax ectoedemiae (Rohwer), 

Pholetesor salalicus (Mason)} 

Paradelius rubra Whitfield 

Encyrtinae, Achrysocharoides 

?zwoelferi (Delucchi), Apros- 

tocetus sp.f 

Sympiesis marylandensis Gi- 

raultt 

Horismenus sp., Chrysocharis 

sp., Cirrospilus cinctithorax 

(Girault), Chrysocharis sp.$ 

Pholetesor salalicus (Mason)} 

Mirax ectoedemiae (Rohwer)t 

Pteromalinaet 

Pnigalio sp.$ 
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Quercus garryana Hook 

Quercus garryana Hook 

Quercus glaucoides Martens 

and Galeotti 

Quercus glaucoides Martens 

and Galeotti 

Quercus kelloggii Newb. 

Quercus kelloggit Newb. 

Quercus kelloggii Newb. 

Quercus kelloggit Newb. 

Quercus lobata Nee 

Quercus lobata Nee 

Quercus lobata Nee 

Quercus lobata Nee 

Quercus lobata Nee 

Quercus nigra L. 

Quercus ?nigra L. 

Quercus rubra 

Quercus stellata Wang. 

Quercus stellata Wang. 

Quercus texana Buckley 

Quercus turbinella Greene 

Quercus vaccinifolia Kellogg 

CS/E 

LSBM 

USS/FDBM 

USS/FDBM 

USBM 

FDBM 

LSBM 

Cove 

C5/E 

USS/FDBM 

USS/FDBM 

CS/E 

USS/FDBM 

USS/FDBM 

USS/FDBM 

USBM 

USBM 

Bucculatrix zophopasta Braun 

Phyllonorycter basistrigella 

(Clemens) 

Tischeria purinosella Cham. 

Tischeria quercitella Clem. 

Cameraria mediodorsella 

(Braun) 

Eriocraniella aurosparsella 

(Wlsm.) 

Acrocercops n. sp. 

Bucculatrix sp. 

Bucculatrix sp. 

Phyllonorycter sp. 

Stigmella sp. 

Tischeria consanguinea Braun 

Cameraria lobatiella Opler and 

Davis 

Tischeria sp. 

Tischeria sp. 

Bucculatrix ainsliella Murtfeldt 

Tischeria ?fuscomarginella 

Cham. 

Tischeria simulata Braun 

Tischeria sp. 

Cameraria sp. 

Cameraria n. sp. 

Pholetesor n. sp. 44 

Pholetesor salalicus (Mason)t 

Symplesis marylandensis Gi- 

rault, Horismenus sp., Bar- 

yscapus sp., Closterocerus 

trifasciatus Westwoodt 

Chrysocharis sp.t 

Pnigalio 2uroplatae (Howard), 

Pholetesor salalicus (Mason) 

Symptesis sp.t 

Stiropius wagneri Whitfieldt 

Pholetesor bucculatricis (Mue- 

sebeck)t 

Deuterixys quercicola Whit- 

fieldt 

Pholetesor salalicus (Mason), 

Pholetesor salicifoliellae (Ma- 

son)t 

Adelius sp.t 

Pholetesor salalicus (Mason)t 

Pteromalus ?sp.t 

Pnigalio flavipes (Ashmead)t 

Pnigalio sp.t 

Pediobius sp.t 

Chrysocharis sp.t 

Zagrammosoma multilineatum 

(Ashmead), Horismenus sp., 

Sympiesis marylandensis Gi- 

raultt 

Sympitesis marylandensis Gi- 

raultt 

Dolichogenidea tischeriae (Vi- 

ereck), Elachertus cacoecia 

(Howard), Zagrammosoma 

centrolineatum Crawford, 

Pholetesor salalicus (Mason) 

Cirrospilus flavoviridis Craw- 

ford, Pnigalio flavipes (Ash- 

mead), Pnigalio boharti 

Yoshimoto, Pnigalio maculi- 

pes (Crawford), Pnigalio 

brachysellus Yoshimoto, 

Sympiesis dolichogaster Ash- 

mead, Mesopolobus sp., 

Ageniaspis bicoloripes (Gi- 

rault), Sympiesis sp., Chry- 

socharis sp., Pholetesor salali- 

cus (Mason)t 



224 

Table 1. Continued. 

JOURNAL OF HYMENOPTERA RESEARCH 

Plant family /species Guild Leafminer Parasitoids 

Quercus wislizenit A. DC. 

Quercus wislizenit A. DC. 

Quercus wislizentt A. DC. 

Quercus wislizentt A. DC. 

Quercus wislizenti A. DC. 

Quercus sp. 

Quercus sp. 

Quercus sp. 

Quercus sp. 

Grossulariaceae 

Ribes sanguineum Pursh. 

Ribes sanguineum Pursh. 

Ribes sp. 

Hydrophyllaceae 
Eriodictyon trichocalyx Heller 

Eriodictyon crassifolium 

Benth. 

Eriodictyon crassifolium 

Benth. 

Phacelia sp. 

Phacelia sp. 

Lamiaceae 

Lepechinia calycina (Benth.) 

Lepechinia calycina (Benth.) 

USBM 

LSBM 

USS 

USBM 

USBM 

U 

U 

/FDBM 

/FDBM Ww DW 

USBM 

CS/FDBM 

LSBM/LS 

LSBM 

LSBM 

FDBM 

FDBM 

USS 

FDBM 

FDBM 

CS/E 

LSBM 

Cameraria wislizeniella Opler 

Phyllonorcyter sp. 

Stigmella sp. 

Cameraria wislizeniella Opler 

Cameraria prob. wislizeniella 

Opler 

Tischeria citrinipennella Clem. 

Tischeria zelleriella Cham. 

Cameraria sp. 

Coptodisca powellella Opler 

Caloptilia sp. 

Phyllonorycter ribefoliae 

(Braun) 

Phyllonorycter ribefoliae 

(Braun) 

Coelopoeta glutinosi (WIsm.) 

and Agromyzidae (both 

may be mining) 

Coelopoeta glutinosi (WIsm.) 

Phytomyza sp. 

Coelopoeta n. sp. 

Coelopoeta n. sp. 

Bucculatrix sp. 

Cremastobombycia n. sp. 

Pholetesor salalicus (Mason), 

Pholetesor n. sp. 3$ 

Pholetesor salalicus (Mason)t 

Gnamptodon sp. 

Pholetesor salalicus (Mason), 

Sympiesis marylandensis Gi- 

rault 

Sympiesis marylandensis Gi- 

rault, Ageniaspis bicoloripes 

(Girault), Pnigalio levis 

Yoshimoto, Achrysocharoides 

?laticollaris Kamijot 

Chrysocharis sp., Pnigalio sp.t 

Pnigalio sp., Zagrammosoma 

multilineatum (Ashmead), 

Chrysocharis sp., Pediobius 

sp-t 
Chartocerus sp.t 

Chrysocharis n. sp.t 

Pholetesor salalicus (Mason)t 

Colastes sp., Pholetesor salicifol- 

lellae (Mason), Sympiesis 

marylandensis Girault, Clos- 

terocerus sp., Achrysocharo- 

ides ?zwoelferi (Delucchi)t 

Chrysocharis ainsliet Crawford} 

Zagrammosoma hobbesi La- 

Salle, Dolichogenidea tischer- 

iae (Viereck), Microdontome- 

rus anthonomi Crawford, 

Conura side (Walker), Bas- 

sus cinctus (Cresson), Chry- 

socharis ainsliei Crawford, 

Neochrysocharis sp., Digly- 

phus begini (Ashmead), 

Closterocerus cinctipennis 

Ashmead /utahensis Craw- 

ford (male)t 

Diglyphus begini (Ashmead), 

Gontozus sp., Chrysocharis 

ainsliei Crawtordt 

Closterocerus utahensis Craw- 

fordt 

Conura sp., Parahormius sp.$ 

Zagrammosoma hobbesi La- 

Sallet 

Stiropius californicus Whit- 

fieldt 

Pholetesor salalicus (Mason)t 
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Plant family/species Guild Leafminer Parasitoids 

Salvia mellifera Greene USS Liriomyza sp. Diglyphus begint (Ashmead), 

Lyrcus justicia (Girault) [?]t 

Lauraceae 

Umbellularia californica USBM/LS Caloptilia sp. Sympiesis dolichogaster (Ash- 

(HandA) mead)t 

Liliaceae 

Smilax sp. FDBM Proleucoptera smilaciella (Bsk.) | Aprostocetus sp.t 

Yucca baccata Torrey 

Malvaceae 

Gossypium sp. 

Malacothamnus sp. 

Sidalcea sp. 

Malacothamnus sp. 

Myriaceae 

Myrica californica Cham. 

Myrica californica Cham. 

Nyctaginaceae 

Abronia umbellata Lam. 

Mirabilis sp. 

Onagraceae 

Oenothera californica Wats. 

Plantanaceae 

Platanus racemosa Nutt. 

Poaceae 

Elymus glaucus Buckley 

Ehrharta erecta Lam. 

Hierocliloe sp. 

bunchgrass 

Rhamnaceae 

Ceanothus cuneatus (Hook.) 

Ceanothus crassifolius Torr. 

Ceanothus greggil Gray 

Ceanothus greggit Gray 

Ceanothus integerrimus 

Hand A 

Stalk borer 

USS 

USS/FDBM 

USS/FDBM 

CB 

USBM 

USS 

FDBM 

FDBM 

CB/E and 

USS 

LSBM 

CS/FDBM 

CS/FDBM 

CS/FDBM 

CS/FDBM 

USS 

USS/FDBM 

USS/FDBM 

C5/E 

Prodoxus coloradensis Riley 

Tischeria sp. 

Tischeria omissa Braun 

?Tischeria sp. 

Cameraria umbellulariella 

(WlIsm) 

Marmara sp. 

Nealyda n. sp. 

Unidentified microlep. 

Chrysomelidae and Liriomyza 

sp. 

Phyllonorycter felinelle Hein- 

rich 

Elachista sp. 

Elachista sp. 

Elachista sp. 

Elachista sp. 

Stigmella sp. 

Tischeria sp. 

?Marmara sp. 

?Tischeria sp. 

Bucculatrix ceanothi Braun 

Eupelmus sp.$ 

Diglyphus begini (Ashmead)t 

Dolichogenidea tischeriae (Vi- 

ereck), Neochrysocharis 

?diastatae (Howard)t 

Sympiesis stigmata Girault, 

Aprostocetus sp.t 

Pholetesor salalicus (Mason), 

Conura side (Walker), Sym- 

piesis stigmata Giraultt 

Pholetesor salalicus (Mason)} 

Mirax ectoedemiae (Rohwer)t 

Zagrammosoma 2n. sp.t 

Chelonus sp.t 

Trichomalopsis sp. (on chryso- 

meild)t 

Horismenus texanus (Girault), 

Chrysocharis walleyi Yoshi- 

moto, Conura side (Walker), 

Closterocerus sp., Diglyphus 

begini (Ashmead), Sympiesis 

marylandensis Giraultt 

Pholetesor n. sp. 5, Bracon sp. 

Colastes sp., Pholetesor bedelliae 

(Viereck)t 

Colastes sp., Pholetesor bedelliae 

(Viereck)t 

Pholetesor bedelliae (Viereck)t 

Mirax ectoedemiae (Rohwer)t 

Chrysocharis n. sp., C. nepher- 

eus (Walker), Dolichogenidea 

tischeriae (Viereck)t 

Neochrysocharis diastatae 

(Howard)t 

Mesopolobus sp., Zagrammoso- 

ma mirum Girault, Z. ameri- 

canum Giraultt 

Pholetesor bucculatricis (Mue- 

sebeck)t 
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Ceanothus integerrimus USS Stigmella sp. Adelius sp., Gnamptodon sp.t 

Hand A 

Ceanothus integerrimus USS/FDBM — Tischeria sp. Apanteles sp.t 

H and A 

Ceanothus integerrimus CB Zagrammosoma americanum Gi- 

H and A raultt 

Ceanothus integerrimus USS Stigmella ceanothi (Braun) Chrysocharis sp.t 

H and A 

Ceanothus leucodermis USS/FDBM Tischeria sp. and Recurvaria sp. Cirrospilus coachellae Gates, 

Greene Bassus cintus (Cresson), 

Elachertus cacoeciae (How- 

ard), Chelonus sp.t 

Ceanothus thyrsiflorus CS/E Bucculatrix 2?ceanothi Braun Pholetesor bucculatricis (Mue- 

Eschsch. sebeck)t 

Ceanothus thyrsiflorus USS/FDBM _ Tischeria sp. Apanteles sp.t 

Eschsch. 

Ceanothus velutinus Dougl. USS/PDBM_ _ Tischeria sp. Apanteles sp.t 

Ceanothus sp. Acanthopteroctetes unifascia Mirax ectoedemiae (Rohwer)t 

(Davis) 

Ceanothus sp. USS/FDBM_ _ Tischeria ceanothi Walsingham Colastes sp., Apanteles sp.t 

Ceanothus sp. USS/FDBM — “‘leafminer’’ Apanteles sp.t 

Ceanothus sp. USS/FDBM_ —__Lyonetia ?prunifoliella (Htib- Pnigalio flavipes (Ashmead), 

ner) Cirrospilus cinctithorax (Gi- 

rault)t 

Ceanothus sp. USS Sympiesis stigmata Giraultt 

Ceanothus sp. USS Stigmella sp. Parablastothrix nearctica Miller, 

Cirrospilus flavoviridis Craw- 

fordt 

Ceanothus sp. USS Stigmella ceanothi (Braun) Chrysocharis sp.t 

Ceanothus sp. USS Stigmella inconspicuella New-— Chrysocharis sp., Ageniaspis bi- 

ton and Wilkinson coloripes (Girault)t 

Ceanothus sp. USS/FDBM_ _ Tischeria ceanothi Braun Cirrospilus sp.t 

Rhamnus alnifolia L’Her. USS Stigmella sp. Mirax ectoedemiae (Rohwer)t 

Rhamnus californica Eschsch. USS 2Stigmella sp. Mauleus nigritus (Howard), 

Chrysocharis walleyt Yoshi- 

moto, Diglyphus sp., Neo- 

chrysocharis sp., Neochryso- 

charis diastatae (Howard), 

Closterocerus cincinnatus Gi- 

rault, Ageniaspis bicoloripes 

(Girault)t 

Rhamnus californica Eschsch. USS/B Phyllonorycter incanella Neochrysocharis diastatae How- 

(WIsm.) ardt 

RKhamnus californica Eschsch. USS Stigmella sp. Cirrospilus sp., Chrysocharis 

sp., Chrysocharis clarkae 

Yoshimoto, Adelitis sp., Co- 

lastes sp., Gnamptodon sp.$ 

Rhamnus crocea Nutt. CS/FDBM Apophthisis congregata Braun — Mirax sp., Mirax ectoedemiae 

(Rohwer), Gelis sp. 2 
(male), Miotropis californicus 

Giraultt 

Rhammnus crocea Nutt. USS Stigmella sp. Mirax ectoedemiae (Rohwer), 

Paradelius rubra Whitfieldt 
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Rhamnus rubra Greene 

Rhamnus purshiana DC. 

Rosaceae 

Amelanchier alnifolia (Nutt.) 

Amelanchier alnifolia (Nutt.) 

Cercocarpus betuloides Nutt. 

Cercocarpus betuloides Nutt. 

Cercocarpus betuloides Nutt. 

Cercocarpus betuloides Nutt. 

Cercocarpus ledifolius Nutt. 

Cotoneaster sp. 

Crataegus douglasii Lindley 

Crataegus sp. 

Fragaria vesca L. 

Heteromeles arbutifolia (Lind- 

ley) 

Holodiscus discolor (Pursh.) 

Horkelia sp. 

Lyonothamnus floribundus A. 

Gray 

Prunus andersonii A. Gray 

Prunus emarginata (Hook.) 

Prunus tlicifolia (Nutt.) 

Prunus ilicifolia (Nutt.) 

Prunus ilicifolia (Nutt.) 

Prunus ilicifolia lyonii 

(Eastw.) Raven 

C/FDBM 

SSM 

LSBM/LS 

LSBM 

CS/FDBM 

SSM 

USS 

CS/FDBM 

US op) 

LSBM 

LSBM/LS 

LSBM 

USS/FDBM 

SSM 

LSBM 

FDBM 

USS 

LSBM 

LSBM/LS 

FDBM 

Apophthisis congregata Braun 

Marmara sp. 

Parornix 2alta (Braun) 

Phyllonorycter sp. 

Coptodisca sp. 

Marmara sp. 

Stigmella sp. 

Coptodisca cercocarpella Braun 

Stigmella sp. 

Phyllonorycter mespilella (Htib- 

ner) 

Parornix sp. 

Phyllonorycter mespilella (Htib- 

ner) 

Tischeria sp. 

Marmara sp. 

Phyllonorycter holodisci 

(Braun) 

Scrobipalpula sp. 
Stigmella n. sp. 

Parornix sp. 

Caloptilia sp. 

Paraleucoptera heinrichi Jones 

Stigmella sp. 

Phyllocnistis sp. 

Stigmella sp. 

Pnigalio flavipes (Ashmead), 

Symplesis stigmata Girault, 

Adelius sp., Colastes sp.t 

Mirax ectoedemiae (Rohwer)t 

Pholetesor salicifoliellae (Ma- 

son), Khiysipolis decorator 

(Haliday), Sympiesis sp., 

Elachertus cacoecia (How- 

ard)t 

Sympiesis marylandensis Gi- 
raultt 

Mirax ectoedemiae (Rohwer)t 

Mirax ectoedemiae (Rohwer) 

Apanteles sp., Chelonus, sp., 

Gelis sp. 1 (fem)t 

Apanteles prob. n. sp., Neo- 

chrysocharis diastatae (How- 

ard), Chrysocharis sp.t 

Cirrospilus flavoviridis Craw- 

ford, Chelonus sp., Chryso- 

charis wahli Hansson, Apan- 

teles nr. scutellaris (Meus.)t 

Chrysocharis walleyi Yoshimo- 

tot 

Sympiesis sp. 

Pholetesor salicifoliellae (Mason) 

Mirax ectoedemiae (Rohwer) 

Chelonus sp., Mirax ectoede- 

miae (Rohwer)t 

Symptesis dolichogaster (Ash- 

mead )t 

Dolichogenidea sp.t 

Mirax ectoedemiae (Rohwer)t 

Apanteles sp. 

Pholetesor salicifoliellae (Ma- 

son)t 

Chelonus sp., Mirax ectoede- 

muae (Rohwer), Cirrospilus 

cinctithorax (Girault), Pniga- 

lio flavipes (Ashmead), 

Scambus hirticauda (Pro- 

vancher), Viridipyge pruni- 

cola Whitfieldt 

Parablastothrix nearctica Miller, 

Chrysocharis sp., Cirrospilus 

flavoviridis Crawfordt 

Chrysocharis walleyt Yoshimo- 

to, Pnigalio coloni Girault, 

Sympiesis sp. 

Mirax ectoedemiae (Rohwer)t 
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Prunus virginiana L. LSBM/LS Parornix sp. Sympiesis marylandensis Gi- 

rault, Pholetesor salalicus 

(Mason)t 

Prunus virginiana L. LSBM/LS ?Parornix sp. Colastes sp., Pholetesor salicifol- 

iellae (Mason)t 

Prunus sp. LSBM/LR Caloptilia invariabilis Braun Sympiesis marylandensis Gi- 

rault, Aprostocetus sp.t 

Rosa sp. USBM Ectoedemia sp. Mirax ectoedemiae (Rohwer)t 

Rubus parviflorus Nutt. USS/FDBM © Tischeria splendida Braun Colastes sp., Mirax ectoedemiae 

(Rohwer)t 

Rubus ursinus Cham. and SSM Marmara sp. Mirax ectoedemiae (Rohwer)t 

Schldl. 

Rubus sp. USBM Ectoedemia rubifoliella (Clem.) = Chrysocharis sp.$ 

Unidentified Rosaceae LSBM Phyllonorycter mespilella (Hub-  Sympiesis sp. 

ner) 

Rubiaceae 

Cephalanthusoccidentalis CS/FDBM Mompha cephalonthiella Pnigalio flavipes (Ashmead) 

Benth. (Cham.) 

Rutaceae 

Citrus < paradisi MacFad. Peelmine Marmara gulosa Guillén and Pnigalio colont (Girault), Clos- 

Davis terocerus utahensis Ash- 

mead, Cirrospilus coachellae 

Gatest 

Citrus * paradist MacFad. LSS and Phryllocnistis citrella Stainton Closterocerus utahensis Craw- 

USS/SSM fordt 

Salicaceae 

Populus freemontit Wats. LSBM/LR Caloptilia palustriella (Braun) — Pholetesor salicifoliellae (Ma- 

son)t 

Populus freemontit Wats. FDBM Paraleucoptera albella (Cham.) — Pholetesor n. sp. 4$ 

Populus sp. LSBM Phyllonorycter nipigon (Free-— Sympiesis ?marylandensis Gi- 

man) rault, Zagrammosoma multi- 

lineatum (Ashmead), Sym- 

piesis stigmata Girault, 

Zagrammosoma americanum 

Girault, Sympiesis sericeicor- 

nis (Nees). 

Populus sp. LSBM Phyllonorycter sp. Apanteles sp.$ 

Salix coulteri Anderss. LSBM Phyllonorycter apicinigiella Colastes sp.$ 

(Clem.) 

Salix laevigata Bebb LSBM/LS Caloptilia palustriella Braun Pnigalio levis Yoshimoto} 

Salix lasiolepis Benth. FDBM Paraleucoptera albella (Cham.) = Zagrammosoma americanum Gi- 

raultt 

Salix lasiolepis Benth. USBM blotch miner Bassus sp. 

Salix lasiolepis Benth. USS Stigmella sp. Mirax ectoedemiae (Rohwer)t 

Salix sp. USS/FDBM — Coptodisca saliciella (Clem.) Colastes sp.$ 

Salix sp. LSBM/FDBM_ = Micrurapteryx salicifoliella Pholetesor salalicus (Mason)t 

(Cham.) 

Salix sp. LSBM Phyllonorycter sp. Pholetesor salicifoliellae (Ma- 

son)t 

Salix sp. LSBM Phyllonorycter deserticola Davis Sympiesis marylandensis Gi- 

and Desc. rault, Pnigalio flavipes (Ash- 

mead), Pnigalio sp.f 

Salix sp. LSBM Phyllonorycter erugatus Davis — Sympiesis marylandensis Gi- 

rault, Sympiesis sericeicornis 

(Nees)t 
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Salix sp. 

Salix sp. 

Salix sp. 

Salix sp. 

Salix and Populus 

Sapindaceae 

Acer macrophyllum Pursh 

Acer negundo L. 

Scrophulariaceae 

Keckiella cordifolia (Benth.) 

Penstemon caesius A. Gray 

Solanaceae 

Lycium cooperi Gray 

Lycopersicon esculentum Mill. 

Nicotiana glauca Grah. 

Thymelaeaceae 

Dirca occidentalis A. Gray 
Tropaleaceae 

Tropaleum nasturtium L. 

Ulmaceae 
Ulmus sp. 

Verbenaceae 

Lantana camara L. 

LSBM 

LSBM 

LSBM/LS 

LSBM/LS 

FDBM 

LSBM/LS 

LSBM/LS 

CB 

CS 

USBM 

Phyllonorycter salicifoliella 

(Clem.) 

Phyllonorycter scudderella (F 

and B) 

Caloptilia palustriella Braun 

Caloptilia sp. (coastal) 

Coptodisca saliciella (Clem.) 

Caloptilia sp. 

Caloptilia negundella (Cham.) 

?Gelechiinae 

Agromyzidae 

Marmara n. sp. 

Leucanthiza dircella Braun 

Liriomyza ?sp. 

Cameraria ulmella (Cham.) 

Liriomyza sp. 

Sympiesis sericeicornis 

(Nees), Sympiesis marylan- 

densis Girault, Chrysochar- 

is spp. Chrysocharis bori- 

quensis Hansson, 

Achrysocharoides ?zwoelferi 

(Delucchi), Cirrospilus 

cinctithorax (Girault), Dig- 

lyphus pulchripes (Craw- 

ford), Aprostocetus sp.f 

Sympiesis sp.t 

Sympiesis marylandensis Gi- 

rault, Sympiesis bimaculati- 

pennis Girault, Cirrospilus 

flavicinctus Riley, Sympies- 

is sericeicornis (Nees), Pho- 

letesor salalicus (Mason)t 

Sympiesis marylandensis Gi- 

raultt 

Cirrospilus sp.t 

Sympiesis marylandensis Gi- 

rault, Ageniaspis bicoloripes 

(Girault), Chelonus sp., 

Pholetesor salicifoliellae 

(Mason), Ritysipolis decora- 

tor (Hal.), Diaglyptidea sp., 

Scambus hirticauda (Pro- 

vancher)t 

Pholetesor bedelliae (Viereck)t 

Pnigalio coloni (Girault)t 

Chrysocharis ainsliet Crawford, 

Eurytoma sp., Callimerismus 

?n. sp., Thinodytes petiolatus 

Heydont 

Apanteles nr. scutellaris 

(Mues.), Habrobracon sp.t 
?Closterocerus sp.t 

Cirrospilus coachellae Gatest 

Colastes sp.$ 

Diglyphus begini (Ashmead)t 

Ageniaspis bicoloripes (Girault) & } } ; 
Symptesis sp.t 

Diglyphus begini (Ashmead), 

Halticoptera sp., Baryscapus 

sp., Closterocerus sp.t 
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Vitaceae 

Vitis californica Benth. USS ?Phyllocnistis sp. Chrysocharis walleyi Yoshimo- 

to, Pnigalio levis Yoshimoto, 

Zagrammosoma sp., Hormius 

sp., Neochrysocharis arizo- 

nensis (Crawford), Cirrospi- 

lus cinctithorax (Girault), 

Cirrospilus sp.t 

Miscellany—plant unknown 

?? USS/FDBM _ Tischeria sp. Zagrammosoma mirum Giraultt 

‘Leafmine Guild abbreviations are as follows: CB = complete blotch, CS = complete serpentine, CB/E = 
complete blotch with internal/external feeding, CS/E = complete serpentine then external, LR = leaf roll, LS 
= leaf shelter, LSBM = lower surface blotch, LSS = lower surface serpentine, LTM = leaf(-ves) tied/mined, 

MVT = mines vascular tissue, SSM = stem serpentine USS = upper surface serpentine, USS/FDBM = upper 
surface, full depth blotch mine, USBM = upper surface blotch, >> = guild on left side of => becomes the guild 
on the right side of the >. 
t+ Indicates parasitoids reared from individual leafmines. 
t Indicates parasitoids lot-reared from >1 leafmines from a single plant. 

suspended ceilings. This enabled rapid 
viewing of multiple vials simultaneously 
rather than examining each vial separate- 
ly. Once processed, samples were placed 
into rectangular Rubbermaid™ tubs con- 
taining saturated salt solution which 
maintained relative humidity at ~75% 
(Winston and Bates 1960). Samples were 

examined daily, and any emergence re- 
corded. Rearing success was approximate- 
ly 18%. Parasitoids and leafmining Agro- 

myzidae were killed with 70% ethanol 
and prepared for mounting using hexa- 
methyldisilizane (HMDS) dehydration 

(Heraty and Hawks 1998). Leafmining 

Lepidoptera were prepared according to 
Landry and Landry (1994). 

Protocols of DLW and JBW presented in 
Whitfield and Wagner (1988) are reiterat- 

ed here. The DLW and JBW plant material 
collected in the field was sorted by plant 
and miner species, and subsequently iso- 
lated by plant/miner lot in clear polyeth- 
ylene bags lined with paper toweling 
(which often provided a pupation sub- 
strate for both the miners and their para- 
sitoids). Most smaller lots were reared in 

15-40 dram plastic vials (Wagner, pers. 
comm.). For overwintering generations, 

leaves or leaf portions with mines were 
placed in plastic snap-top vials and held 
for at least 6 weeks in a refrigerator or 
freezer to break diapause, before removal 

from cold for adult emergence. No success 
rates on a per leaf mine basis are possible 
given that much of the samples were bulk 
reared. Plant identifications were mostly 
supplied by the collectors; some difficult 
determinations were made by the herbar- 
ium staff of the University of California, 

Berkeley. Adult leafminers and mines 
were identified by DLW, with some ad- 
ditional identifications supplied by JBW 

and by J. A. Powell and J. A. De- 

Benendictis of the University of California 
at Berkeley. 

Illustrations in this paper provide rep- 
resentation of the features diagnostic of a 
particular taxon even though they may 
not be derived from actual specimens re- 
covered in this study. Many of the line il- 
lustrations are taken with permission from 
the following sources: Goulet and Huber 
1995, Townes 1970a, b, Gibson et al. 1997, 

Schauff et al. 1998. Diagnoses are modified 
from Schauff et al. (1998) and the refer- 

ences provided therein are for known 
works on a particular taxon worldwide. 
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Taxa known to attack CLM have been re- 

corded previously (Schauff et al. 1998). 
Other genera attacking leafminers not 
treated herein, particularly within Chalci- 
doidea, most likely remain to be discov- 
ered with continued rearing of Californian 

leafminers. Readers are referred to keys in 

Gibson et al. (1997) for keys to Nearctic 

Chalcidoidea, to Whitfield and Wagner 

(1991) for Braconidae, and Townes (1970a, 

b) for Ichneumonidae. 

New host/parasitoid associations for 

Chalcidoidea only, based upon compari- 
son with records found in Noyes (1998), 

are indicated by an asterisk in Table 2. 
Distributional notes appearing after the 
diagnosis of each genus are taken primar- 

ily from Krombein et al. (1979), Noyes 

(1998) and Gibson et al. (1997). Only Chal- 

cidoidea are treated in Table 2 as there ex- 

ists no definitive work analogous to the 

Noyes CD-ROM that treats any of the 
non-Chalcidoidea taxa documented here- 

in. However, as Noyes (1998) is only a 

compilation of the literature pertaining to 

Chalcidoidea, information therein is only 

as reliable as its original source. Although 

many parasitoids included here were 

reared from a single leafmine (indicated 
with + (Table 1)), other parasitoids issued 

from bulk rearing of numerous leafmines 
from a single plant host in a single bag 
(indicated with ++ (Table 1)). The label- 

ing scheme (+,++) used in Table 1 pro- 

231 

vides an indication as to the relative de- 
gree of definitiveness of a particular host / 
parasitoid interaction. Those records with 
a single + should be regarded as probable 
associations since all mines were reared 
individually. A [?] preceding a taxon 

name in Table 1 indicates that the taxon is 
tentatively identified, typically due to 

specimen collapse or other damage ob- 
scuring diagnostic characters. Those taxa 
are identified to genus in all but 6 instanc- 
es where only subfamily identification is 
possible. All specimens from MWG/JMH 

rearings are deposited at UCRC and those 
of DLW and JBW are in the collections of 

University of Connecticut and University 
of Illinois, respectively. The Ichneumoni- 
dae identified by David Wahl are depos- 
ited in AEIC. 

Morphological terms are indicated on 
several figures (Figs. 1-10, 12-17, 19-21, 

28, 31-32, 35, 55, 60-61, 63, 66-68, 72-73, 
78, 79, 81, 84-85, 87, 89, 102-103, 106, 108- 
109, 114-115, 117) and not discussed in de- 

tail. Gastral tergum is abbreviated as Gtn 
where n = gastral tergite number. Further 
discussion of morphology of Hymenop- 
tera in general and Chalcidoidea in partic- 
ular can be found in Goulet and Huber 
(1995) and Gibson et al. (1997), respective- 

ly. 

Acronyms are: UCRC = University of 
California Collection, Riverside, CA; AEIC 

= American Entomological Institute Col- 
lection, Gainesville, Florida. 

KEY TO FAMILIES AND GENERA OF CALIFORNIA LEAFMINER PARASITOIDS 

1 Apterous. Antenna with more than 13 flagellomeres (Fig. 13). Ovipositor prominently 

exserted, 1.0-1.3* as long as length of hind femur. Trochantellus present (trochanter 

appearing two-segmented (Fig. 13)) .... . Gelis (ICHNEUMONIDAE: CRYPTINAE) 

1’ Macropterous. Antenna with =13 flagellomeres (or, if >13 flagellomeres, then macrop- 

terous (Braconidae)). Ovipositor sometimes exserted and as long as or longer than length 

of hind femur. Trochantellus present or absent (trochanter appearing one- or two-seg- 
mented) 

N 

DOIDEA, ICHNEUMONOIDEA 

Fore wing venation complete, with at least 2 closed cells (Figs. 5, 7, 19-20). CHRYSI- 

2’ Fore wing venation reduced, with fewer than 2 closed cells (Fig. 45). CHALCIDOIDEA 

3. Abdominal sterna as strongly sclerotized as terga; head prognathous; pronotum shaped 
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like truncated pyramid in dorsal view (Fig. 23); clypeus with median longitudinal carina 

(Fig 23). (CHR YSIDOIDEAs BETHIYLIDAE: .4240. 422.4 Vesetg eh beveve disuse 9. Goniozus 

Abdominal sterna less strongly sclerotized than terga; head usually hypognathous (Figs. 

10-15); pronotum transverse to subquadrate in dorsal view; clypeus lacking median lon- 

Studie) carina, ICH EUMON OUD. 36 on tebe eset eet eee Mae ee Date may 4 

Fore wing with vein 1/Rs+M separating cells 1M and 1R1 (Fig. 7); hind wing with vein 

Ir-m basal to separation of veins R1 and Rs (Figs. 3, 9); metasomal terga 2+3 fused with 
inflexible junction. (Fig. 11). BRACONIDAE, s0:2.v2e0 eat eree lee se aen sae aides See pg. 248 

Fore wing without vein 1/Rs+M, with compound cell 1M+1R1 present (Fig. 5); hind 

wing with vein lr-m opposite or apical to separation of veins R1 and Rs (Figs. 1-2); 

metasomal tergum 2 usually separate from tergum 3, with flexible junction (Fig. 10). 

ICN UIMO NIDA, cpus Meese he ok ig date dave SE oc he & oss a buh cee k Pe Moe ao wee eee 5 

Fore wing cell 1+2Rs (=areolet) large and rhombic (diamond-shaped) (Figs. 5, 14). Ovi- 

positor long and needle-like, ovipositor sheath long and rigid. Male genitalia with gon- 

oforceps produced into elongate process (Fig. 16). Upper margin of supraclypeal area 

with transverse carina below antennal sockets ........ 2. Mesochorus (MESOCHORINAE) 

Fore wing cell 1+2Rs obliquely quadrate, pentagonal, or open (vein 3r-m absent) (Figs. 

12, 15). Ovipositor stouter, ovipositor sheath sometimes curved. Male genitalia with gon- 

oforceps not produced into elongate process. Upper margin of supraclypeal area without 

transverse carina. below antennal sockets: .s.86<0es ota 2. cewe 2h eee Lee eee 6 

Metasomal segment 1 in dorsal view with apex about as wide as base. Tergite 1 with 

slyiminapreserit-at base or termite (Pig: 10) 2245 csgedeawaie ve sds os aided amen 7 

Metasomal segment | petiolate in dorsal view, apex 1.8-3.3% as wide as base. Tergite 1 

WLS IMMA ASEM <a 6-6 caine Sig RYE 2m Sie tseaig Bie GON wee ah oR ene NGS Gics. beh chad Ser een 8 

Pleural sulcus (=mesopleural suture) without distinct angulation opposite scrobe (Fig. 

15). Hind wing with vein 2-cu meeting vein cu-a distinctly closer to vein M than vein 1A 

(Fig. 15). Hind tibia fuscous with median pale band, apex thus being dark ........... 

PI es Graken 4D Acn cy a = Shaega te oe ees Aerated Ge oe ETI ee Pee) 

Pleural sulcus with distinct angulation opposite scrobe (Fig. 8). Hind wing with vein 2- 

cu meeting vein cu-a more or less equidistant between veins M and 1A (Fig. 18). Hind 

tibia with apical and subapical dark bands, extreme base thus being pale ............ 

Se ER Me Soke Sartor thy x Acct nana fase nar eihhn ate Rane ee aoe 4. Scambus (PIMPLINAE) 

Propleuron with ventroposterior corner having strongly produced, more or less angulate 

lobe touching or overlapping pronotum (cf. Fig. 26). Mesothorax ventrally with postpectal 

carina complete (Fig. 4). Mesopleuron with sternaulus short, about 0.3% as long as me- 

SODICUCOMME Pine) cuales det naan es eee Series aie 5. Campoplex (CAMPOPLEGINAE) 

Propleuron with ventroposterior corner not produced as distinct lobe, not angulate, at 
most with weak groove delimiting it from main area of propleuron (cf. Fig. 27). Meso- 

thorax ventrally with postpectal carina interrupted in front of each middle coxa or com- 

pletely absent. Mesopleuron with sternaulus extending to middle coxa or nearly so .... 9 

Outer face of mandible with sub-basal swelling, at extreme base with transverse groove 

that emphasizes swelling. Lateral face of pronotum with epomia absent and surface gran- 

UNAS es sateen: cued me ba tgs aM hens cal aha aie WIR A Ae eee eee 1. (Gelis (CRYPTINAE) 

Outer face of mandible without sub-basal swelling. Lateral face of pronotum with epomia 

present (Pigs 6)-and surface polished and cueulose. 2: 175 Mosc soa as aoe ees 10 

Notaulus long and sharp, ending beyond middle of mesoscutum (Fig. 50). Apex of clyp- 

eus withtwo median denticles. (u3.2..0 ices poem We ee 8. Bathythrix (CRYPTINAE) 

Notaulus not reaching middle of mesoscutum. Apex of clypeus without denticles ..... th 

Apical 0.3 of clypeus strongly inflexed and covered with brush of long setae ......... 

Ee RT aa re eee ee ee tre a 6. Diaglyptidea (CRYPTINAE) 

Clypeus uniformly convex and without brush of long setae .. 7. Encrateola (CRYPTINAE) 

Tarsi 5 segmented, protibial spur curved apically and bifid (Fig. 24). Funicle with 5 or 

MOLE SESMENE {PISS 527 90) \ ae arate aos ~ ha a as ed, Geshe late ake eat ne Seen aaa at ag ee te 
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16! 

20 

21 
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Tarsi 4 segmented, protibial spur straight and simple (Fig. 25). Funicle with 2-4 segments 
(Figs. 28, 30, 31, 33, 38-39) EULOPHIDAE 

Mesopleuron swollen, convex, glabrous, longer than high (Figs. 61, 63) .............. 14 

Mesopleuron not swollen, concave, variously sculptured, shorter than high (Figs. 51-52) 

Mesocoxa inserted at or anterior to midline of mesopleuron (Fig. 61). Cercus usually 

advanced (Fig. 61). Marginal vein usually shorter than stigmal vein (Pigs. 29, 42) EN- 

Rt lee te eae Gee aye evutiare gare wad Get ee ers ol Se ee mi et a ee betes 15 

Mesocoxa inserted posterior to midline of mesopleuron (Fig. 63). Cercus never advanced, 

placed at apex of metasoma (Fig. 66). Marginal vein usually longer than stigmal vein (as 

un lass. 41, 44). BUPELMIMDAE (females) 2. 6s daa 4545. 54 nodes enn ee QGee atenncece ny 20 

Scutellum with deep longitudinal striate sculpture contrasting with shallow reticulate 

sculpture on mesoscutum. Clava 1-segmented (Fig. 35). PMV at least 1.5% as long as 

stigmal vein (Fig. 42). Eye not approaching mouth margin, malar space >'4 eye length. 

Male with all funiculars unbranched .............00.0 0.000... ceeeeeeee 10. Ageniaspis 

Scutellum lacking striate sculpture, with reticulate sculpture similar to mesoscutum. Cla- 

va 3-segmented. PMV <1.5x as long as stigmal vein (Fig. 29). Eye nearly reaching mouth 

margin, malar space <% eye length (Fig. 60). Male with first four funiculars branched (as 

PU SO beta thee en Seabee Sad Ah aS ieee earn oh tee BO te aes, a eases 11. Parablastothrix 

Hind femur enlarged, <3 as long as broad, dentate ventrally (Fig. 103). Axillar and 

parascutal carinae converging directly above wing base in arch-like fashion (Fig. 102). 

Ele BEES Ove, A. ere he tevre gts San a aes By See G eats oe EUS Gee eae Teas 17 

Hind femur not enlarged, >3 as long as broad, smooth ventrally (as in Figs. 36-37). 

Axillar and parascutal carinae converging on dorsum mesad of wing base in V-like fash- 

HOM (as CIPI AOU)h, .15 02 Gon am ays Sash Puanati tian e Aco, «tee ouiditea tad # f atigeeie s 85 Kacnetdu a beeeeess 18 

Gaster petiolate, petiole subquadrate to very long (Fig. 107); propodeum with spiracle 

subverticalor nearly loneitudinal 205 occa gcdadooor van crnianarseedanees 12. Conura 

Gaster sessile, petiole at most visible as transverse line (Fig. 102); propodeum with spi- 

Factemmosty diagonal (Fis, 104). 244443 86 $4 460n.05-44e000oeeed ants 13. Brachymeria 

Pronotum quadrate in dorsal view (Fig. 106). Head and dorsum with umbilicate sculpture 

(Fig. 106). Body usually non-metallic (black, yellow, brown). EURYTOMIDAE ........ 

EN ee Pate ga srs) 0, aiid DAI Bs tapi ANAS hn aa Sheet ag, Mid Cab bene hth ks sg my SulP a dnt 50g, OE 34. Eurytoma 

Pronotum transverse in dorsal view (as in Figs. 62, 64, 84). Head and dorsum lacking 

umbilicate sculpture, usually reticulate (as in Figs. 64, 79, 101). Body usually metallic 

MTS t DM ULES) Beas nce eae sco ree tesa term sseechoy idee Nese ty Gin ie Cine ees eae oe GG SS Raa eae Bre 19 

Pronotum in dorsal view narrowed medially (Fig. 64). Notauli absent (Fig. 64). Protibia 

with dorsoapical spicules (Fig. 65) EUPELMIDAE (males) ................-.-2--.... 20 

Pronotum in dorsal view not narrowed medially (Fig. 118). Notauli at least visible ante- 

riorly on mesoscutum, often complete (Fig. 79). Protibia lacking dorsoapical spicules .. 21 

Metasoma with posterior margin of syntergum deeply, subcircularly emarginate, the 

emargination often surrounding a sclerotized horizontal to vertical anal sclerite (Fig. 68); 

mesotibia lacking apical groove between tibial spur and base of tarsus (Fig. 69); metasoma 

with penultimate tergum medially divided or with median hyaline line and largely or 

efilirely concealed tinder precede tereumy 22. 56:56 8 seas boos bon De eee ee oes EpepnUs 

Metasoma with posterior margin of syntergum truncate or variously differentiated into 

a rim or fingernail-like flange (Fig. 66); mesotibia almost always with apical groove be- 

tween tibial spur and base of tarsus (Fig. 67); metasoma with penultimate tergum neither 

divided nor largely or entirely concealed under preceding tergum ........... 33. Brasema 

Head with occipital carina (may be fine) (Figs. 48-49). Metacoxa usually subtriangular in 

cross section and broadly attached to mesosoma (Figs. 51-52). Fore wing usually with 

marginal vein long and stigmal vein short (Figs. 40-41). TORYMIDAE .............. 22. 

Head without occipital carina, or if with carina then metacoxa usually subcircular in cross 
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section and narrowly attached to mesosoma. Fore wing venation different than above 

(Figs, 44, 46).59); PTEROMALIDAR waiiu duu aa 8S was 5 athe we ae oe e sha Baer pis) 

Metapleuron separated by a straight line from mesopleuron, not projecting anteriorly (Fig. 

51). Metafemur convex ventrally, sometimes serrate (Fig. 46). Marginal vein at most 5 

times as long as stigmal vein and more than 3 times as long as postmarginal vein (as in 

Pigs) tc 5c tons tau Pines Cth ehheas sh. 264 needa tehaGhasaess 43. Microdontomerus 

Metapleuron separated by a sinuous line from mesopleuron, projecting anteriorly (Fig. 

52). Metafemur not convex ventrally, sometimes serrate (as in Fig. 36). Marginal vein at 

most 5 times as long as stigmal vein and more than 3 times as long as postmarginal vein 

fsot ee MA creek oe Me ata baleen ae a Poe pa Gd Big RO Spleens eet y Foes 44. Torymus 

Clypeal margin at least slightly asymmetric, with 2 or 3 teeth separated by at least one 
deep incision (Figs..73, 62): VISCOGASTERINAE. 23 ics ab wissen deta 9 vad nd acietaboles 24 

Clypeal margin usually symmetric and without deep incision, at most with shallow emar- 

gination (Figs. 78, 83, 112). PTEROMALINAE, SPALANGIINAE ................... 27 

Propodeum strongly sculptured, reticulate to rugose, submedially (as in Fig. 80). Clypeal 

margin with 3 asymmetric teeth ............0..00500505004-005-.+ 30. Callimerismus 

Propodeum glabrous to moderately reticulate (Figs. 72, 76) or with two convergent sub- 

median lines of punctures (Fig. 113). Clypeal margin usually with 2-3 more or less asym- 

meticteethor entire and produced (Pigs: 78, 62; 112) on. wd ow eee ee tn ed emcee 25 

Clypeal margin either with one asymmetrical tooth (Fig. 75) or with 3 teeth, but then 

teeth usually sharp and with only a narrow gap between them ........... 36. Thinodytes 

Clypeal margin usually with two distinct teeth having broad gap between them (Figs. 

BOOM iat ti eee ga ke Lok eh ere dade ab aim ok eee Bae enh en tye de Sone GLa oe EN or Se: 26 

Torulus at or below lower eye margin. Petiole usually with median carina and with 

anterolateral corners not enlarged (Fig. 74). Males: palpus and/or stipes more or less 

enlaraed, Vellow (Pies). a:2¢ cls ant he onde 8 a tea. a.b Sed Sais ea OEE Me SSR o HS 37. Halticoptera 

Torulus above lower eye margin. Petiole usually without median carina and with an- 

terolateral corners sharp and enlarged (as in Fig. 77). Males: palpus and/or stipes slender, 

IRE gegen ate, aig atte fotos vs ate cet ind weg EE ene ocala oy caates ean ee Se 38. Mauleus 

Toruli at extreme lower margin of head (Fig. 112). Head almost prognathous. Flagellum 

lacking anellus and with 7 funiculars. SPALANGIINAE ................. 42. Spalangia 

Toruli never so low on face, typically closer to middle (Figs. 78, 81). Head hypognathous. 

Flacelumewith 1—> anelli-(Pic. 32). PYBROMALINAE .« cate wad oho each PRGA eee 28 

Antenna with 2 anelli and 6 funicular segments (Fig. 32). Occiput with fine to strong 

atched imareim-or fold (asin Fic. 49). .¢..<asce+eeeeste beewe ceeds 39. Trichomalopsis 

Antenna with 3 anelli and five funicular segments. Occiput lacking margin or fold .... 29 

Pronotal collar with an abruptly angled or rounded margin (Fig. 81). Head moderate in 

dorsal view, >2.0* as long as broad. Gena curved to more angulate (Fig. 78). Hypopy- 

pus. U 526 (he lenetiOn Paster: on as Saati ests Ao bee ar es Oe 40. Mesopolobus 

Pronotal collar less abruptly angled, often only margined medially (Fig. 70). Head stout 

in dorsal view, <2.0< as long as broad. Gena moderately curved and converging in 

anterior view (Fig. 56). Hypopygium <0.5x the length of gaster ......... 41. Pteromalus 

Scutellum with 2 pairs of setae (Fig. 91), rarely more. Submarginal vein with 1 or more 

setae dorsally (as in Figs. 45, 57). Head with transverse fronto-facial suture, if present, 

adjacent to anterior ocellus (Fig. 110). Notauli present or absent (Figs. 99, 114). EULO- 

FRIDAE: Eulophinae, letrastichinde, Buderitiae + ¢e0.i.aus@ ase ode eee eae ees we 31 

Scutellum with 1 pair of setae (Figs. 84-87). Submarginal vein with 2 setae dorsally (Figs. 

53-54, 59). Head with transverse fronto-facial suture, if present, separated from anterior 

ocellus by distance greater than diameter of ocellus (Fig. 89). Notauli usually absent (Fig. 

6/7): BULBOPRHIDAE« EmtedOninaersc. 2 saint: a0 § oSoN IG cit See eee 34 

Notauli present and either reaching posterior margin of mesoscutum or curving to meet 

eae (Pigs: VOR Mele sek ace oc Rtesseensreea £52 aneBen Ge Whe 4.5: ns RN eee eee Bz. 
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Notauli absent or incomplete posteriorly and not approaching posterior margin of me- 

soscutum: or axillae (Pigs: 6/=06,.95, TLD). o cccnn sade SaGials 4s coo awwod Meee se s< as eean eo) 

Pore wing posteriad of marginal vein usually with bare area except for distinct row of 

admarginal setae on ventral surface (Fig. 45), and usually with 2-3 rows of setae radiating 

from: stiamal vem (Pic,.45),,BUDERINAE: 2452240 Sata Ou an bogen nwa ee 31. Euderus 

Fore wing different, if with bare area posteriad of marginal vein, then lacking such dis- 

Lineuve LOwWs Ol Gaciahian® setae (Pie. 04)! 24 cf. ve whee Bee aweee an ce ctalenens ao 

Postmarginal vein reduced or absent, less than 4% length of stigmal vein (Fig. 57). Scutel- 

lum with paired submedial grooves, often with sublateral grooves, grooves never con- 

vergent apically (Figs. 91, 93). Notaulus always complete, axilla strongly advanced, scap- 

ula linear. Funicular segments: female with 3 and male with 4. TETRASTICHINAE ... 40 

Postmarginal vein present, at least % length of stigmal vein (Figs. 54, 59). Scutellum 
lacking paired submedial grooves and sublateral grooves, at most with single pair of 

submedian grooves which are or are not convergent apically (Figs. 95, 97-100). Notaulus 

complete or incomplete, when complete then axilla either not or only slightly advanced, 

scapula triangular. Funicular segments never in above combination. EULOPHINAE ... 41 

Propodeum with shiny medial strip, bordered laterally by depressed and usually sculp- 

tured area, area laterad of depressed area usually also shiny (Fig. 85). Scutellum with 

median longitudinal groove running almost entire length (Pig. 84). ENTEDONINAE ... 

OUR ic ae ats 8 GG ee es Ade EOS MG ROMER TA Othe Resear es 25. Horismenus 

Propodeum not as above, with or without median carina, but never with shiny median 

strip. Scutellum generally without median longitudinal groove ...................-. ahs) 

Propodeum with distinct plica, and with paired median carina which diverge posteriorly 

(Fig. 86). Pronotum with a transverse carina on anterior edge ............. 26. Pediobius 

Propodeum without plica, without median carina which diverge posteriorly. Pronotum 

with or without a transverse carina on anterior edge .............. 00000 e eee eee BF 

Postmarginal vein elongate, at least 1.5 as long as stigmal vein (Fig. 53) ........... 

Postmarginal vein shorter, at most as long as stigmal vein (Figs. 54,59) ............. 38 

Frontofacial groove transverse, straight, slightly raised (Fig. 89). Eye pilose. Postmarginal 

vein about equal in length to stigmal vein (as in Fig. 59). Mesoscutum and/or scutellum 

Oren win (its: (FIGS OO). cnaits oA eteele otek eS Gn DE elaee eee A 28. Achrysocharoides 

Frontofacial grooves present as V- or Y-shaped sutures (Fig. 110). Other characters vari- 

able mevermpresent 1m ADOVe COMMINANON. Acareatent sine aee hiya ase tem aos} og 

Fore wing lacking line of setae extending distally from stigmal vein (Fig. 59), never with 

infuscate transverse bands (Fig. 59). Transepimeral suture distinctly curved (Fig. 115) .. 

aside igen A ao. hei kate Ppa A qq area aye tdi Boh aha eden ie INC OCINY SOGHARES 

Fore wing with single line of setae extending distally from stigmal vein (Fig. 54), some- 

times with infuscate transverse bands (Fig. 54). Transepimeral suture straight or only 

Sie iitymeraved MIO ALI sexe neta tn wre eact hs ad eae Gna ac endee wtye a dteae 30. Closterocerus 

Propodeal callus with raised lobe overhanging outer rim of spiracle (Fig. 91). Cercal setae 

unequal in length, one distinctly longer than others and sinuate (Fig. 92) 24. Aprostocetus 

Propodeal callus without raised lobe overhanging rim of spiracle (Fig. 93). Cercal setae 

equal in length, the two longest being subequal and straight or only slightly curved (Fig. 

DAS MD, Pay cepa rat aes Re als snes She we iees 4 “hc laG ob him Ghd! 9, de 4-4 pn a Rik es GOaPS Sk Oe’ te 23. Baryscapus 

Bomiclhe 2 Seem CANeel WEI 2G). Me wanes wie ee ad Maa ae Re wads a eee ele Bh are Rea ee OS 42 

funicle: 3: or 4 seamen (Pigs. 50-31). 30-39) Sxis cc sD sia acetate anes ayes sp aie a 45 

Scutellum with submedian grooves (Fig. 95). Notauli incomplete (Fig. 95)... 14. Diglyphus 

Scutellum without submedian grooves. Notauli complete (Fig. 114) ................. 43 

Notauli curving to meet anterior portion of axilla (Fig. 108). Axilla more or less advanced 

anteriorly beyond transscutal articulation (Fig. 108). Color yellow and black, never me- 

tallic and fore wing often with infuscate areas .................... lo. Zagrammosoma 

Notauli straight, extending to anterior portion of scutellum (Fig. 114). Axilla not greatly 
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advanced beyond transscutal articulation (Fig. 114). Body color variable, wing rarely in- 

fuscate 

44 Postmarginal vein about 2 as long as stigmal vein. Male: scape enlarged (Fig. 28). Scu- 

tellum without submedian grooves. Color brown .................4.. 17. Diaulinopsis 
44’ Postmarginal vein equal to or shorter than stigmal vein (Fig. 58). Male: scape rarely en- 

larged. Scutellum with submedian grooves, though may be difficult to see due to changes 
in color pattern. Color variable, but often with extensive yellow markings .. 15. Cirrospilus 

45 Notauli incomplete; male funicle often with long branches (Fig. 33) ................. 46 

45' Notauli complete, sometimes fine; male funicle often without or rarely with long branches 

ANE BR banat ea G AOE ee no Ae be, sho ood Gi cue WAR elena tens et ety Sere eee 47 
46 Propodeum with complete plica and a transverse costula extending from each plica to 

median carina’ (Fig. 98), ihe area between glabrous: .2.2).2.26404 ¢eae0s sus slo 18. Pnigalio 

46’ Propodeum without costula and usually without plica (Fig. 99), but if plicae present then 

aréa between distinclly TEHCWIANG ars 26m Pan eee soot Oule aah ot Ale Ae 48 
47 Torulus high on head, above lower eye margin, thus apex of scape extends beyond level 

of vertex (Fig. 90). Fore wing and costal cell narrow, fore wing at least 2.6 as long as 

broad and costal cell 10-15 as long as broad ..............5...-6: 20. Hemiptarsenus 
47’ Torulus at or below lower eye margin, thus apex of scape not extending beyond level of 

vertex. Fore wing and costal cell not so narrow, fore wing less than 2.6 as long as broad 

and-costal cell less than. 10X as lone, as broad: sin 2644.33 e hoe 45 Sass Stes s 19. Sympiesis 

48 Scutellum with submedian grooves complete, curving medially at posterior margin and 

meeting or nearly meeting each other (Pigs 100) oss Ree ee oer ae es atk 21. Elachertus 

48’ Scutellum with submedian grooves incomplete or absent, but if present then grooves 

usually straight, not curving or curving slightly mesad at posterior margin of scutellum 

(Fig. 96) 

Superfamily Ichneumonoidea 
Family ICHNEUMONIDAE 

Subfamily Cryptinae 

1. Genus Gelis Thunberg 

(Fig. 13) 

Diagnosis.—Females are apterous, with 
either apterous, brachypterous, or mac- 
ropterous males; sometimes both sexes are 

macropterous. Mandible with strong sub- 
basal swelling, at extreme base with trans- 

verse groove that emphasizes swelling. 
Clypeus weakly convex and without 

brush of long setae; apex often with weak 

median denticles. Center of pronotum 

without median longitudinal carina; lat- 

eral face without epomia. Mesoscutum 

with notaulus not reaching middle; sur- 

face matte. Cell 1+2Rs of fore wing often 
open. 

Notes.—This genus is represented by at 
least 80 species in the Nearctic region and 
10 species in California (Carlson 1979). 

Members of this genus are attack small co- 

22. Miotropis 

coons of Lepidoptera, Neuroptera and 

other Ichneumonoidea, usually as a hy- 

perparasitoid but occasionally as a_pri- 
mary parasitoid of small Lepidoptera. 
Other species parasitize eggs sacs of Ara- 
neae. 

Subfamily Mesochorinae 

2. Genus Mesochorus Gravenhorst 

(Figs. 14, 16) 

Diagnosis.—Upper margin of supra- 
clypeal area with transverse carina below 
antennal sockets. Cell 1+2Rs of fore wing 
large and rhombic (diamond-shaped). 
Vein 2-Cu of hind wing. Glymmae of ter- 
gite 1 large and deep, almost meeting at 
midpoint. Ovipositor long and _ needle- 
like; ovipositor sheath long and_ rigid. 

Male genitalia with gonoforceps produced 
into elongate process. 

Notes.—This large genus is worldwide 
in distribution, with 106 described species 

in the Nearctic; 22 of these occur in Cali- 
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Table 2. List of reared chalcidoid species and their leafmining hosts. 

Parasitoid species Host species* 

Achrysocharoides ?laticollaris Kamijo 

Achrysocharoides villosus Kamijo 

Achrysocharoides ?zwoelferi 

Aprostocetus sp. 

Baryscapus Sp. 

Brachymeria sp. 

Brasema ?macrocarpae (Ashmead) 

Chrysocharis ainsliei Crawford 

Chrysocharis boriquensis Hansson 

Chrysocharis ?clarkae Yoshimoto 

Chrysocharis oscinidis Ashmead 

Chrysocharis nephereus (Walker) 

Chrysocharis wahli Hansson 

Chrysocharis walleyi Yoshimoto 

Chrysocharis n. sp. 

Cirrospilus cinctithorax Girault 

Cirrospilus coachellae Gates 

Cirrospilus flavoviridis Crawford 

Cirrospilus flavicintus Riley 

Unknown 

Phyllonorycter sp. (Quercus chrysolepis Leibm.)*! 

Cameraria jacintoensis Opler and Davis* 

Cameraria nemoris (Wlsm.)* 

Liriomyza sativae Blanchard* 

Phyllonorycter arbutusella Braun* 

Phyllonorycter ledella W\sm.* 

Phyllonorycter ribefoliae (Braun)* 

Phyllonorycter salicifoliella (Clem.)* 

Phyllonorycter sp.' (Q. chrysolepis) 

Caloptilia invariabilis Braun* 

Cameraria agrifoliella (Braun)* 

Cameraria jacintoensis Opler and Davis* 

Cremastobombycia grindeliella Wlsm.* 
Phyllonorycter salicifoliella (Clem.)* 

Proleucoptera smilaciella (Bsk.)* 

Tischeria omissa Braun* 

Tischeria sp. (Aster sp., Quercus alvordiana Eastw.) 

Stilbosis dulcedo Hodges* 

Tischeria pruinosella Cham.* 

Liriomyza sp. (Lantana camara L.) 

Unknown lepidopteran 

Liriomyza sp.* (Datisca glomerata (Presl.)) 

Coelopoeta glutinosi (Wlsm.)* 

Phyllonorycter ribefoliae (Braun)* 

Calcomyza enceliae Spencer* 

Calcomyza sp.* (Xanthium strumarium L.) 

Chromatomyia syngenesiae Hardy 

Phyllonorycter salicifoliella (Clem.)* 

Stigmella sp.* (Rhamnus californica Eschsch.) 

Liriomyza sp. (Datisca glomerata (Presl.)) 

Tischeria sp. (Ceanothus crassifolius Torr.) 

Stigmella sp. (Cercocarpus ledifolius Nutt.) 

Phyllocnistis sp.* (Prunus ilicifolia (Nutt.)) 

?Phyllocnistis sp.* (Vitis californica Benth.) 

Phyllonorycter fellinelle Heinrich* 

Phyllonorycter mespilella (Hubner) 

?Stigmella sp.* (Rhamnus californica Eschsch.) 

Coptodisca powellella Opler 

Tischeria sp. (Ceanothus crassifolius Torr.) 

Cameraria nr temblorensis Opler and Davis* 

Lyonetia ?prunifoliella (Hiibner)* 

Paraleucoptera heinrichi Jones* 

?Phyllocnistis sp. (Vitis californica Benth.) 

Phyllonorycter salicifoliella (Clem.) 

Marmara gulosa Guillén and Davis 

Marmara n. sp. (Nicotiana glauca Grah.) 

Tischeria sp.* (Ceanothus leucodermis Greene) 

Cameraria sempervirensella Opler and Davis* 

Stigmella sp.* (Ceanothus sp., Cercocarpus 

ledifolius Nutt., Prunus ilicifolia (Nutt.)) 

Cameraria n. sp.* (Quercus vaccinifolia Kellogg) 

Caloptilia palustriella Braun* 

Neurobathra bohartiella Opler* 
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Parasitoid species Host species* 

Closterocerus utahensis Crawford 

Closterocerus cinctipennis Ashmead 

Closterocerus ?submutica Graham 

Closterocerus trifasciatus Westwood 

Conura side (Walker) 

Conura sp. 

Diaulinopsis callichroma Crawford 

Diglyphus begini (Ashmead) 

Diglyphus pulchripes (Crawford) 

Elachertus cacoecia (Howard) 

Euderus sp. 

Eupelmus sp. 

Halticoptera sp. 

Horismenus fraternus (Fitch) 

Horismenus texanus Girault 

Lyrcus justicia Girault 

Mauleus nigritus (Howard) 

Mesopolobus sp. 

Microdontomerus anthonomi Crawford 

Mootropis californicus Girault 

Neochrysocharis arizonensis (Crawford) 

Neochrysocharis diastatae (Howard) 

Neochrysocharis diastatae (Howard) 

Coelopoeta glutinosi (WIsm.)* 

Liriomyza sativae Blanchard 

Liriomyza sp. (Bidens pilosa L.) 

Marmara gulosa Guillén and Davis* 

Phyllocnistis citrella Stainton* 

?Phytomyza sp. (Eriodictyon crassifolius Benth.) 

Stigmella rhoifoliella (Braun)* 

Coelopoeta glutinosi (Wlsm.)* 

Marmara gulosa Guillen and Davis* 

Tischeria arizonica Braun* 

Liriomyza sp. (Cirsium vulgare (Savi)) 

Lyonetia latistrigella Wlsm.* 

Tischeria purinosella Cham.* 

Coelopoeta glutinosi (Wlsm.)* 

Phyllonorycter felinelle Heinrich* 

Tischeria sp. (Quercus alvordiana Eastw.) 

Coelopoeta n. sp.* (Phacelia sp.) 

Tischeria discreta Braun* 

?Tischeria sp. (Malacothammnus sp.) 

Liriomyza sativae Blanchard* 

Liriomyza spp. (Salvia mellifera Greene, Tropaleum 

nasturtium L., Lantana camara L., Bidens pilosa L., 

Silybum marianum Gaertn., Hirschfeldia incana (L.)) 

Chromatomyia syngenesiae Hardy 

Coelopoeta glutinost (Wl1sm.)* 

Phyllonorycter felinelle Heinrich* 

Phyllonorycter salicifoliella (Clem.) 

Cameraria sp.* (Quercus turbinella Greene) 

Parornix 2alta (Braun)* 

Tischeria sp.* (Ceanothus leucodermis Greene) 

Neurobathra bohartiella Opler* 

Cameraria shenaniganensis Opler and Davis* 

Prodoxus coloradensis Riley* 

Calcomyza sp.* (Xanthium strumarium L.) 

Liriomyza sp. (Lantana camara L.) 

Phyllonorycter sp. (Quercus agrifolia Nee) 

Tischeria arizonica Braun* 

Phyllonorycter felinelle Heinrich* 

Liriomyza sp. (Salvia mellifera Greene) 

?Stigmella sp.* (Rhamnus californica Eschsch.) 

Cameraria sempervirensella Opler and Davis* 

Coleophora sp. (Aster chilensis Nees) 

Tischeria sp. (Ceanothus greggii Gray) 

Coelopoeta glutinosi (Wlsm.)* 

Apopthesis congregata Braun* 

Tischeria sp.* (Quercus alvordiana Eastw.) 

Liriomyza sativae Blanchard* 

Agromyzidae 

Coptodisca cercocarpella Braun* 

?Marmara sp.* (Ceanothus greggii Gray) 

Neurobathra bohartiella Opler* 

Phyllonorycter incanella (W1sm.)* 

?Stigmella sp.* (Rhamnus californica Eschsch.) 

Tischeria sp.* (Malacothamnus sp.) 
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Table 2. Continued. 

N QQ \o 

Parasitoid species Host species* 

Parablastothrix nearctica Miller 

Ageniaspis bicoloripes (Girault) 

Pediobius acantha (Walker) 

Pediobius albipes (Provancher) 

Pnigalio boharti Yoshimoto 

Pnigalio brachysellus Yoshimoto 

Pnigalio colont (Girault) 

Pnigalio flavipes (Ashmead) 

Pnigalio levis Yoshimoto 

Pnigalio maculipes (Crawford) 

Pnigalio uroplatae (Howard) 

Pteromalus sp. 

Spalangia sp. 

Sympiesis bimaculatipennis (Girault) 

Sympiesis seiceicornis (Nees) 

Sympiesis sericeicornis (Nees) 

Sympiesis dolichogaster Ashmead 

Sympiesis marylandensis Girault 

Stigmella variella (Braun)* 

Stigmella sp. (Ceanothus sp., Prunus ilicifolia (Nutt.)) 

Caloptilia sp.* (Acer macrophyllum Pursh.) 

Cameraria diabloensis Opler and Davis* 

Cameraria gaultheriella W\sm.* 

Cameraria ulmella (Cham.)* 

Cameraria prob. wislizeniella Opler* 

Cameraria n. sp.* (Quercus vaccinifolia Kellogg) 

Phyllonorycter sp. (Quercus agrifolia Nee) . 

Stigmella inconspicuella Newton and Wilkinson* 

2Stigmella sp. (Rhamnus californica Eschsch.)* 

Chromatomyia syngenesiae Hardy 
Antispila aurirubra Braun* 

Cameraria sempervirensella Opler and Davis* 

Cameraria sempervirensella Opler and Davis* 

Chromatomyia syngenesiae Hardy* 

Liriomyza sp.* (Datisca glomerata (Presl.)) 

Marmara gulosa Guillén and Davis* 

Phyllocnistis sp.* (Prunus ilicifolia (Nutt.) 

Antispila aurirubra Braun* 

Apophthisis congregata Braun* 

Lyonetia ?prunifoliella (Htibner)* 

Cameraria agrifoliella (Braun)* 

Cameraria sempervirensella Opler and Davis* 

Lyonetia candida Braun* 

Mompha cephalonthiella (Cham.)* 

Paraleucoptera heinrichi Jones* 

Phyllonorycter deserticola Davis and Desc.* 

Phyllonorycter manzanitae Braun* 

Tischeria sp. (Aster sp., Quercus nigra L.) 

Caloptilia palustriella Braun* 
Cameraria sp.* (Quercus wislizenit A. DC.) 

?Phyllocnistis sp.* (Vitis californica Benth.) 

Phyllonorycter sp.* (Quercus agrifolia Nee) 

Cameraria sempervirensella Opler and Davis* 

Cameraria mediodorsella (Braun)* 

Tischeria arizonica Braun* 

Cameraria lobatiella Opler and Davis* 

Liriomyza sp.* (Datisca glomerata (Presl.)) 

Caloptilia palustriella Braun* 

Caloptilia palustriella Braun* 

Phyllonorycter erugatus Davis and Desc.* 

Phyllonorycter nipigon (Freeman)* 

Phyllonorycter salicifoliella (Clem.) 

?Periploca sp. (Simmondsia chinensis Link.) 

Cameraria sempervirensella Opler and Davis 

Phyllonorycter holodisci (Braun)* 

Cameraria agrifoliella (Braun)* 

Cameraria shenaniganensis Opler and Davis* 

Cameraria wislizeniella Opler* 

Caloptilia diversilobiella Opler* 

Caloptilia invariabilis Braun* 

Caloptilia sp. (coastal population)* (Salix sp.) 

Caloptilia sp.* (Acer macrophyllum Pursh.) 
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Parasitoid species Host species* 

Neurobathra bohartiella Opler* 

Tischeria simulata Braun* 

Parornix sp. (Prunus virginiana L., Prunus sp.) 

Phyllonorycter deserticola Davis and Desc.* 

Phyllonorycter erugatus Davis and Desc.* 

Phyllonorycter felinelle Heinrich* 

Phyllonorycter nipigon (Freeman)* 

Phyllonorycter ribefoliae (Braun)* 

Phyllonorycter salicifoliella (Clem.) 

Phyllonorycter sp. (Amelanchier sp.) 

Tischeria consanguinea Braun* 

Tischeria purinosella Cham.* 

Tischaeria sp. (Quercus texana Buckley) 

Sympiesis stigmata Girault Apophthisis congregata Braun* 

?Periploca sp. (Simmondsia chinensis (Link.)) 

Phyllonorycter arbutusella Braun* 

Phyllonorycter manzanitae Braun* 

Phyllonorycter nipigon (Freeman)* 

Tischeria arizonica Braun* 

Tischeria omissa Braun* 

?Tischeria sp. (Aster sp.) 

Thinodytes caroticus Heydon 

Trichomalopsis sp. 

Calcomyza sp. (Xanthium strumariumt L.) 

Chrysomelidae* 

?Periploca sp. (Simmondsia chinensis (Link.))* 

Zagrammosoma americanum Girault Paraleucoptera albella (Cham.)* 

Phyllonorycter nipigon (Freeman)* 

Zagrammosoma centrolineatum Crawford 

Zagrammosoma hobbesi LaSalle 

Cameraria sp. (Quercus turbinella Greene) 

Coelopoeta glutinosi (WIsm.)* 

Coelopoeta n. sp.* (Phacelia sp.) 

Zagrammosoma mirum Girault 

Zagrammosoma multilineatum (Ashmead) 

Tischeria sp.* (Ceanothus greggit Gray) 

Phyllonorycter nipigon (Preeman)* 

Tischeria simulata Braun* 

Tischeria zelleriella Cham.* 

* Indicates previously unrecorded host for that taxon. 

‘Taxa in the host species column only identified to genus are followed parenthetically by the host plant from 
which they were reared. 

Notes: Ichneumonoidea rearings excluded. No comprehensive work on their biology exists with which to 
compare our records. All rearing records are included in this table. 

fornia (Yu 1998). All mesochorines are ob- 

ligate hyperparasitoids of endoparasitic 

Ichneumonoidea (and, rarely, Tachinidae) 

which parasitize primary hosts of larval 

Lepidoptera, Symphyta, and Coleoptera, 
and nymphal and adult Hemiptera and 

Psocoptera (Wahl 1993). Although some 

authors (Carlson 1979) place credence in 

reports of mesochorines acting as primary 

parasitoids, Wahl (1993) expressed doubt 
about these records. 

Subfamily Pimplinae 

3. Genus Pimpla Fabricius 
(Pig. 15) 

Diagnosis.—Eye not emarginate oppo- 

site antennal socket. Supra-antennal area 
black. Pleural sulcus (= mesopleural su- 
ture) without distinct angulation opposite 
scrobe. Fore tarsal claw of female simple. 
Hind tibia fuscous with median pale 
band, apex thus being dark. Vein 2-cu of 
hind wing meeting vein cu-a distinctly 
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Figs. 1-11. 1, 6, 9, Ichneumonoidea: 1, 9, hind wings. 6, lateral mesosoma. 2, 4, 10, Ichneumonidae: 
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Postpectal 

carina 

5 

s 

hind wing. 4, ventral mesosoma. 10, lateral gaster. 5, Ichneumonidae: Mesochorinae, fore wing. 3, 7-8, 

11, Braconidae: 3, microgastrine hind wing. 7, fore wing. 11, lateral mesosoma. 8, Dolichotomius sp., lateral 

habitus. 

closer to vein M than vein 1A. Ovipositor 

tip straight, not abruptly downcurved. 
Notes.—Twenty species of this genus 

have been described from the Nearctic, 

with seven of them occurring in California 
(Townes and Townes 1960, Carlson 1979). 

They are idiobiont endoparasitoids of 
Lepidoptera pupae. Townes referred to 
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Trochantellus 

Figs. 12-18. 12-15, 18, Ichneumonidae, habitus: 12, Campoplex sp. 13, Gelis sp. 14, Mesochorus sp. 15, Pimpla 

sp. 18, Scambus sp. 16, Mesochorus sp., male gonoforceps. 17, Ichneumonoidea, sternaulus. 

the genus as “‘Coccygomimus’’, a result of 4. Genus Scambus Hartig 
his idiosyncratic system of nomenclature (Fig. 18) 

(see Wahl & Mason (1995) for details); Diagnosis.—Eye not emarginate oppo- 

Pimpla, however, is the correct name. site antennal socket. Supra-antennal area 
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Figs. 19-27. 19-20, Bethylidae: fore wings. 21, Ichneumonidae, hind wing. 22, Bethylidae: prognathous head. 

23, Bethylidae, dorsal mesosoma. 24-25, Chalcidoidea, protarsi, 24, 5-segmented with a bifid spur. 25, 4- 

segmented with a straight spur. 26-27, Ichneumonidae, lateral mesosoma. 

black. Pleural sulcus with distinct angu- 

lation opposite scrobe. Fore tarsal claw of 
female with large basal lobe. Hind tibia 
with apical and subapical dark bands, ex- 
treme base thus being pale. Vein 2-cu of 
hind wing meeting vein cu-a more or less 

equidistant between veins M and 1A. Ovi- 
positor tip straight, not abruptly down- 

curved. 

Notes.—Scambus (sensu Fitton et al. 1988) 

is Holarctic and Neotropical in distribu- 

tion. Nineteen species have been de- 
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Figs. 28-35. 28, Diaulinopsis callichroma, male antenna. 29, Parablastothrix nearctica, fore wing venation. 30-31, 

33, Sympiesis sp., female: 30-31, antenna. male: 33, antenna. 32, Thinodytes sp., antenna. 34, Brachymeria sp., 

fore wing venation. 35, Ageniaspis bicoloripes, antenna. 

scribed from the Nearctic, with 12 of these Subfamily Campopleginae 
occurring in California (Carlson 1979). The 
species are idiobiont ectoparasitoids of the 
larvae, pre-pupae, or pupae of small Lep- 

idoptera in buds, fruits, leaf rolls, and leaf Diagnosis.—Eye not emarginate oppo- 

5. Genus Campoplex Gravenhorst 
(Figs. 12, 26) 

mines. site antennal socket. Propodeum with 



VOLUME 11, NUMBER 2, 2002 

Figs. 36-47. 36-37, Chalcidoidea, hind legs. 38-39, Pnigalio sp., antenna. 40-41, Torymidae, fore wing vena- 

tion. 42, Ageniaspis bicoloripes Girault, fore wing venation. 43, Torymidae, dorsal gaster. 44, Mesopolobus sp., 

fore wing venation. 45, Euderus sp., fore wing. 46, Microdontomerus sp., hind leg. 47, Trichomalopsis sp., fore 

wing venation. 

combined areola and petiolar area not 
forming a trough; apex of propodeum not 
reaching middle of hind coxa. Vein 2-cu 
of hind wing basally complete. Petiole of 
metasomal segment | cylindrical at basal 
0.3 (not quadrate or trapezoidal in cross- 

section), suture separating tergite and ster- 

nite at midheight, and sternite noticeably 
convex and produced. Glymma_ weak, 
present only as shallow groove. Oviposi- 
tor ~2.0X as long as apical depth of me- 
tasoma. Male with apex of gonoforceps 
without semicircular notch. 

Notes.—This large, cosmopolitan genus 
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Figs. 48-56. 48-49, Torymidae, posterior head. 50, Bathythrix sp.: lateral mesosoma. 50-51, Toryimdae: 50, 

mesosoma with straight mesopleural-metapleural separation; 51, mesosoma with sinuous mesopleural-meta- 

pleural separation. 53, Chrysocharis sp.: fore wing. 54, Closterocerus sp.: fore wing. 55-56, Pteromalus sp.: 55, 

fore wing venation; 56, frontal and lateral head. 

has 32 described species in the Nearctic re- described species. They are koinobiont en- 

gion, with seven of these known from Cal- doparasitoids; the hosts are microlepidop- 
ifornia (Carlson 1979, Townes 1970b); tera that feed in concealment (such as leaf 

there are probably five times as many un-_ rolls, buds, and cases). 



VOLUME 11, NUMBER 2, 2002 

Figs; 57—59a. 

59a, Cirrospilus n. sp., antenna. 

Subfamily Cryptinae 

6. Genus Diaglyptidea Viereck 

Diagnosis.—Both sexes macropterous. 
Mandible without sub-basal swelling. 
Clypeus with apical 0.3 strongly inflexed 
and covered with brush of long setae; 

apex without denticles. Center of prono- 
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57, Baryscapus sp., fore wing. 58, Cirrospilus n.sp., fore wing. 59, Neochrysocharis sp., fore wing. 

tum with median longitudinal carina; lat- 

eral face with epomia. Mesoscutum with 
notaulus not reaching middle; surface 

matte. Cell 1+2Rs of fore wing open. 

Notes.—This genus is found in the Hol- 

arctic and Neotropical regions and con- 

tains at least 22 species (Townes 1970a). 

The undescribed species reared in this 
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study is the first record from California. 

Host records are lacking; the wasps are 

presumably idiobiont ectoparasitoids. 

7. Genus Encrateola Strand 

Diagnosis.—Both sexes macropterous. 
Mandible without sub-basal swelling. 

Clypeus weakly convex and without 
brush of long setae; apex without denti- 

cles. Center of pronotum with median lon- 

gitudinal carina; lateral face with epomia. 

Mesoscutum with notaulus not reaching 

middle; surface smooth to weakly matte. 
Cell 1+2Rs of fore wing closed. 

Notes.—Encrateola is found worldwide 

except for Australia and contains at least 
13 species (Townes 1970a). The unde- 

scribed species reared in this study is the 
first record from California. Host records 

are lacking; the wasps are presumably 
idiobiont ectoparasitoids. 

8. Genus Bathythrix Foerster 
(Fig. 50) 

Diagnosis.—Both sexes macropterous. 

Mandible without sub-basal swelling. 
Clypeus flat and without brush of long se- 

tae; apex with two strong median denti- 

cles. Center of pronotum without median 
longitudinal carina; lateral face with 

epomia. Mesoscutum with notaulus reach- 

ing beyond middle; surface polished. Cell 

1+2Rs of fore wing closed. 

Notes.—Bathythrix has a Holarctic distri- 
bution, with 25 species recorded from the 

Nearctic; only two are known from Cali- 

fornia (Townes 1983). Species in this ge- 

nus attack small cocoons, including those 

of Braconidae and Ichneumonidae. They 

are idiobiont ectoparasitoids. 

Family BRACONIDAE 

Readers are referred to Whitfield and 

Wagner (1991) for a key to the Holarctic 

genera of Braconidae known to parasitize 
leafminers. Reared braconids included in 

this study are only incorporated into Ta- 
bles 1, 3 
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Table 3. Families and genera of parasitic hyme- 

noptera reared from native leafminers in California. 

BRACONIDAE* EULOPHIDAE 

A. Adelius 14. Diglyphus 

B. Apanteles 15. Cirrospilus 

C. Bassus 16. Zagrammosoma 

D. Cantharoctonus 17. Diaulinopsis 

E. Chelonus 18. Pnigalio 

F. Colastes 19. Sympiesis 

G. Deuterixys 20. Hemiptarsenus 

He Dolichogeniden 21. Elachertus 

I elie 22. Miotropis 

J. Habrobracon 23. Baryscapus 

K. ne 24. Aprostocetus 

L. Mirax 25. Horismenus 

M. Paradelitus 26. Pediobius 

N. Parahormius 27. Chrysocharis 

O. Paroligoneurus 28. Achrysocharoides 

P. Pholetesor 29. Neochrysocharis 

Q. Rhiysipolis 30. Closterocerus 

R. Stiropius 31. Euderus 

S. Viridipyge EUPELMIDAE 

ICHNEUMONIDAE 32. Eupelmus 

1. Gelis 33. Brasema 

2. Mesochorus EURYTOMIDAE 

3. Pimpla 34. Eurytoma 

4. Scambus PTEROMALIDAE 

5. Campoplex 35. Callimerismus 

6. Diaglyptidea 36. Thinodytes 

7. Encrateola 37. Halticoptera 

8. Bathythrix 38. Mauleus 

BETHYLIDAE 39. Trichomalopsis 

9. Gontozus 40. Mesopolobus 

ENCYRTIDAE 41. Pteromalus 

10. Ageniaspis 42. Spalangia 

11. Parablastothrix TORYMIDAE 

CHALCIDIDAE 43. Microdontomerus 

12. Conura 
13. Brachymeria 

44. Torymus 

* Taxa of Braconidae indicated by letters to separate 
from taxa which, indicated by numbers, are treated 

in the text. 

Superfamily Chrysidoidea 
Family BETHYLIDAE 
Subfamily Bethylinae 

9. Genus Goniozus Forster 

(Bigs: 197.20; 22-23) 

Diagnosis—Predominantly black. Head 
and body dorsoventrally flattened, head 

prognathous (Fig. 22). Clypeus with 

strong angular/subangular median lobe, 
with median polished carina extending 
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between toruli. Propodeum margined lat- 

erally with complete, incomplete or absent 

transverse carina posteriorly connecting 

the lateral carinae. Tarsal claws of female 

bifid, those of male trifid. 

Notes.—This cosmopolitan genus, with 

numerous described and undescribed spe- 

cies, primarily attacks microlepidopteran 
hosts. There are at least 36 species from 
the Nearctic and at least 30 from south of 

the United States (Evans 1978). 

Superfamily Chalcidoidea 
Family ENCYRTIDAE 
Subfamily Encyrtinae 

10. Genus Ageniaspis Dahlbom 
(Figs.35, 42) 

Diagnosis.—Tarsi 5-segmented. Funicle 
at least 6-segmented. Acropleuron swollen 
and mesocoxa inserted at or anterior to 

midline of mesopleuron (as in Fig. 61). 
Cercus usually placed near mid-length of 
gaster (as in Fig. 61). Clava 1-segmented, 

rounded (Fig. 35). Postmarginal vein 

>1.5x as long as stigmal vein (Fig. 42). 

Scutellum longitudinally striate, appear- 
ing almost silky, in contrast to shallowly 

reticulate, shiny mesoscutum. 

Notes.—A genus of 15 described species 
worldwide with 2 known from the Nearc- 
tic region (Miller 1961, Kazmi and Hayat 

1998) and one species introduced against 
citrus leafminer (see Schauff et al. 1998 

and references therein). Only A. bicoloripes 
is reported here to occur in California, 
while A. citricola will likely arrive on the 
heels of CLM. Members of this genus are 
primarily polyembryonic parasites of lar- 
vae of Lepidoptera. At the generic level, 
most of the host associations reported here 
are previously recorded (Noyes 1998) gen- 
era of the Gracillariidae (e.g. Cameraria, 
Phyllonorycter), with the exception of Cal- 
optilia sp. (Gracillariidae) and Stigmella 

spp. (Nepticulidae). 

11. Genus Parablastothrix Mercet 
(Figs. 29, 60-61) 

Diagnosis.—Tarsi 5-segmented. Funicle 
at least 6-segmented. Acropleuron swollen 
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and mesocoxa inserted at or anterior to 

midline of mesopleuron (Fig. 61). Cercus 

usually placed near mid length of gaster. 
Eye very nearly touching base of mandible 
(Fig. 60). Fore wing infuscate in middle 4% 

or less (Fig. 29). 

Notes.—One described Nearctic species 
recorded from central and eastern USA, P. 

nearctica Miller (Miller 1965) and at least 

one unidentified species (Noyes et al. 

1997). At least 16 nominal species world- 
wide which attack larvae of Lyonetiidae 

and Nepticulidae. The host Stigmella var- 
iella (Braun) (Nepticulidae) is newly re- 

ported here. 
Comments.—Three other damaged and 

unidentifiable encyrtids, apparently be- 
longing to neither Ageniaspis nor Parablas- 
tothrix (Zolnerowich, pers. comm.), were 

reared for this study. 

Family CHALCIDIDAE 

Subfamily Chalcidinae 

12. Genus Conura Spinola 
(Fig. 107) 

Diagnosis.—Tarsi 5-segmented. Funicle 

7-segmented. Hind femur enlarged, den- 
tate ventrally. Gaster petiolate, petiole 
slightly transverse to very long (Fig. 107). 

Propodeum with spiracle oriented sub- 
vertically to nearly longitudinally. 

Notes.—Keys are provided by Burks 
(1940) and Delvare (1992—keys to species 

groups and side group). At least 45 species 
occur north of Mexico. Hosts consist pri- 
marily of cocoons of Lepidoptera but 
some species attack Coleoptera, Hyme- 
noptera, or are secondary parasites 
through Ichneumonoidea. New records 
reported here include rearings from the 
microlepidopteran families Tischeriidae, 
Gracillariidae and Elachistidae. 

Subfamily Brachymeriinae 

13. Genus Brachymeria Westwood 
(Figs. 102-105) 

Diagnosis.—Tarsi 5-segmented. Funicle 
7-segmented (Fig. 105). Hind femur en- 
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larged, dentate ventrally (Fig. 103). Gaster 
sessile, petiole in dorsal view not visible 
(Fig. 102) or evident as a transverse line. 

Propodeum with spiracle oriented diago- 
nally (Fig. 104). 

Notes.—Burks (1960) provided a key to 

Nearctic species. There are at least 25 spe- 

cies north of Mexico with 2-3 introduced 
taxa and six species known from Califor- 
nia (Boucek 1992—key to species groups). 

Most species attack Lepidoptera, Diptera 
and Hymenoptera as primary parasites. 
Others are secondary parasites on Orthop- 
tera and Lepidoptera through Tachinidae 
and Sarcophagidae. One species was 
reared from an unidentified leafminer on 
Artemisia sp. in this study. 

Family EULOPHIDAE 

Subfamily Eulophinae 

14. Genus Diglyphus Walker 

(Fig. 95) 

Diagnosis.—Tarsi 4-segmented. Funicle 
2-segmented. Submarginal vein with 3 or 
more setae dorsally; postmarginal vein at 
least as long as stigmal vein. Notauli in- 
complete; scutellum with lateral grooves 
(Fig. 95). Propodeum without median ca- 

rina or plica (Fig. 95). Coloration dark me- 

tallic. Often confused with Cirrospilus, but 
Cirrospilus have complete notauli that 
reach the posterior margin of the mesoscu- 
tum (Fig. 95). 

Notes.—Widespread and abundant ge- 
nus with numerous species. Species of 
Diglyphus are mainly parasitic upon leaf- 
mining Diptera on herbaceous plants, but 
are also known from Lepidoptera on 
woody plants (Boucek and Askew 1968). 

Several species are important for biocon- 
trol of Agromyzidae (LaSalle and Parrella 
1991). Gordh and Hendrickson (1979) pro- 
vide a key to species. Four species are re- 
ported north of Mexico and all four have 
been documented in California (Krombein 

et al. 1979). We record two new hosts for 

Diglyphus, one each in the families Elach- 
istidae and Gracillariidae. 
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15. Genus Cirrospilus Westwood 
(Figs. 58, 59a, 114) 

Diagnosis.—Tarsi 4-segmented. Funicle 
2-segmented. Submarginal vein with 3 or 
more setae dorsally; postmarginal vein 
subequal in length to stigmal vein. Notau- 
li complete to posterior margin of the me- 
soscutum; scutellum with lateral grooves 
that may be faint (cf. Fig. 102). Propodeum 
usually without median carina or plica. 
Coloration metallic to non-metallic and 
yellow. Wing rarely with infuscation (Fig. 
58). Often confused with Zagrammosoma, 

but Zagrammosoma have the head vaulted 
(but also in Cirrospilus coachellae Gates) 

and the notauli turn to intercept the ad- 
vanced axillae (cf. Fig. 108). The axillae are 

not advanced in most Cirrospilus. Cirros- 
pilus resembles Diglyphus, but Cirrospilus 
have complete notauli that reach the pos- 
terior margin of the mesoscutum (Fig. 
114). 
Notes.—Over 300 nominal species 

worldwide, ~24 in North America (Noyes 

1998), and at least five (Krombein et al. 

1979, Gates 2000) found in California. Spe- 

cies range from parasitic, facultatively hy- 
perparasitic or obligately hyperparasitic 
(rarely) to gregariously ectoparasitic on 
numerous cryptically-feeding hosts (Bou- 
cek 1959b, 1988, Schauff et al. 1997, Gates 
2000). Key only available to the Palaearctic 
species (Boucek 1959b). Most of the new 

hosts we report for this genus belong to 
the Gracillariidae, but also in Lyonetiidae, 

Tischeriidae and Nepticulidae. 

16. Genus Zagrammosoma Ashmead 
(Figs: 109; 108) 

Diagnosis.—Tarsi 4-segmented. Funicle 
2-segmented. Head vaulted, extending 
above dorsal margin of eye (Fig. 109). Sub- 
marginal vein with 3 or more setae dor- 
sally; postmarginal vein subequal in 

length to stigmal vein. Notauli turning to 
intercept advanced axilla anteriorly (Fig. 
108); scutellum with lateral grooves that 

may be faint (Fig. 108). Propodeum lack- 
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ing median carina (or only weakly indi- 
cated) or plica. Coloration yellow with 
variously produced longitudinal brown 
stripes. Wing often distinctly infuscate. 
Commonly confused with Cirrospilus (see 
discussion under that genus). 

Notes.—Primarily a New World genus 
that attacks leafmining Lepidoptera and 
Diptera (Gordh 1978, Boucéek 1988, LaSalle 

1989). Keys to ~10 Nearctic species may 
be found in Gordh (1978) and LaSalle 

(1989) with at least five species known 

from California (Krombein et al. 1979). 

New host family records are reported for 
the Gracillariidae, Elachistidae, Tischeri- 

idae and Lyonetiidae. 

17. Genus Diaulinopsis Crawford 
(Fig. 28) 

Diagnosis.—Tarsi 4-segmented. Funicle 
2-segmented, male with enlarged scape 
(Fig. 28). Submarginal vein with 3 or more 
setae dorsally; postmarginal vein about 

twice as long as stigmal vein. Notauli 
complete and extending to transscutal ar- 
ticulation; scutellum without lateral 

erooves (as in Fig. 99). Propodeum with- 
out median carina or plica. Commonly 
confused with Diglyphus but Diaulinopsis 
lacks scutellar grooves. 
Notes.—Gordh and Hendrickson (1979) 

provide a key to the two Nearctic species, 
one of which occurs in California. We re- 
cord only one new host association, Lirio- 
myza sativae Blanchard (Agromyzidae), for 

Diaulinopsis callichroma Crawford. 

18. Genus Pnigalio Schrank 
(Figs. 38-39, 97-98) 

Diagnosis.—Tarsi 4-segmented. Funicle 
4-segmented (rarely 3-segmented) (Figs. 
38-39). Submarginal vein with 3 or more 
setae dorsally; postmarginal vein present, 

longer than stigmal vein. Notauli incom- 
plete (Fig. 97); scutellum sculptured, lack- 
ing lateral grooves. Propodeum glabrous 
with complete median carina, plica, and 

usually costula (Fig. 98). This genus may 
be confused with Sympiesis, which shares 
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4 funicular segments, incomplete notauli, 

and the scutellum lacks’ sublateral 

grooves, but the plicae and costulae of 
Pnigalio distinguishes it from Sympiesis. 

Notes.—This genus is primarily Holarc- 

tic containing typically polyphagous par- 
asitoids of leafmining and gall-forming in- 

sects, usually Lepidoptera. Also docu- 
mented from Diptera and Coleoptera 
(Miller 1970, Yoshimoto 1983). Approxi- 

mately 17 species occur in the Nearctic re- 
gion with seven of these known from Cal- 

ifornia (Krombein et al. 1979, Yoshimoto 

1983, Noyes 1998). Numerous new specific 

host records are presented here from fol- 

lowing lepidopteran families: Tischeri- 

idae, Lyonetiidae, Gracillariidae, Momphi- 

dae and Heliozelidae. 

19. Genus Sympiesis Forster 
(Pigs, GU=31).33, 99) 

Diagnosis.—Tarsi 4-segmented. Funicle 
4-segmented. Submarginal vein with 3 or 
more setae dorsally; postmarginal vein 
present, longer than stigmal vein. Notauli 

incomplete (Fig. 99); scutellum sculptured, 

lacking lateral grooves. Propodeum gla- 
brous with complete median carina, lack- 
ing plica and costula. This genus may be 
confused with Puigalio, which shares 4 fu- 
nicular segments, incomplete notauli, and 
the scutellum lacking sublateral grooves, 
but lacks the plica and (usually) costula 

possessed by Pnigalio. 
Notes.—Four of the twenty nominal spe- 

cies known from the Nearctic region occur 
in California (Noyes 1998). Species of this 

genus are solitary or gregarious parasit- 

oids of cryptically-feeding hosts, usually 
Lepidoptera (Boucek 1959a, Miller 1970, 
Storozheva 1982). Many species are pre- 

sented here as new host associations, the 

majority belonging to the Gracillariidae 
and Tischeriidae. 

20. Genus Hemiptarsenus Westwood 

(Fig. 90) 

Diagnosis.—Tarsi 4-segmented. Funicle 

4-segmented. Submarginal vein with 3 or 



more setae dorsally; postmarginal vein 

present, longer than stigmal vein. Notauli 

incomplete. Torulus situated above lower 
eye margin, thus scape extends beyond 
level of vertex. 

Notes.—Two of the 17 nominal species 

known from the Nearctic region also occur 

in California (Noyes 1998, also see Schauff 

and LaSalle 1993). All known hosts are 

leafminers, typically Diptera. The wasps 
recovered in this study were associated 

with species of Phyllonorycter (Gracillari- 
idae) on Q. chrysolepis. 

21. Genus Elachertus Spinola 

(Figs. 100-101) 

Diagnosis.—Tarsi 4-segmented. Funicle 
4-segmented. Submarginal vein with 3 or 

more setae dorsally; postmarginal vein 

present, longer than stigmal vein. Notauli 

complete (Fig. 100); scutellum with lateral 

grooves that converge posteromedially. 
Propodeum with complete median carina, 
lacking plicae (Fig. 101). 

Notes.—The six Nearctic species in this 

genus are often polyphagous on small lar- 

vae of Lepidoptera in concealed situations 
(Schauff 1985, Bouéek 1988). Three of 

these species are widely distributed in the 
Nearctic, with two documented from Cal- 

ifornia. All hosts presented here are pre- 

viously unknown for this genus and _ be- 
long to the lepidopteran families Gracil- 
lariidae and Tischeriidae. 

22. Genus Miotropis Thomson 

(Fig. 96) 

Diagnosis.—Tarsi 4-segmented. Funicle 
4-segmented. Submarginal vein with 3 or 
more setae dorsally; postmarginal vein 

present, longer than stigmal vein. Notauli 
incomplete (Fig. 96); scutellum sculptured, 

lacking lateral grooves, but if lateral 
grooves present they do not or only slight- 
ly converge posteromedially. Propodeum 
glabrous with complete median carina, 
lacking plica and costula (Fig. 111). This 
genus may be confused with Pnigalio, 
which shares 4 funicular segments, incom- 
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plete notauli and the scutellum lacks sub- 

lateral grooves, but Miotropis lacks the pli- 
ca and (usually) costula possessed by Pui- 
galio. It may also be confused with Elach- 
ertus, but the submedial grooves on the 
scutellum converge posteromedially (of- 

ten contacting each other) in Elachertus. 

Notes.—This genus contains at least nine 
species in the Nearctic region that are 

known to attack Lepidoptera (see Schauff 
and LaSalle 1993) and at least one species 

occurs in California (Noyes 1998). All 

hosts presented here are previously un- 

known for this genus and belong to Gra- 
cillariidae and Tischeriidae. 

Subfamily Tetrastichinae 

23. Genus Baryscapus Forster 

(Figs. 57, 93-94) 

Diagnosis.—Tarsi 4-segmented. Funicle 

3-segmented. Submarginal vein with 2 or 

more setae dorsally; postmarginal vein re- 

duced or absent. Notauli complete; mid- 
lobe of mesoscutum with several scattered 

setae or with adnotaular row of setae; scu- 

tellum with 2 pairs of setae and 2 pairs of 
longitudinal grooves. Propodeal spiracle 
with entire rim exposed (Fig. 93). Gaster 

with longest 2 cercal setae subequal in 
length with each other and with surround- 
ing gastral setae, straight or slightly 

curved (Fig. 94). This genus may be con- 
fused with Aprostocetus, which differs in 

having the raised lobe of the callus par- 

tially covering the outer rim of the spiracle 
(Fig. 91), and the cercal setae not all sub- 

equal, one distinctly longer and sinuate 

(Fie. 92). 
Notes.—This genus contains many spe- 

cies in the Holarctic region that may be 

parasitoids or hyperparasitoids (Graham 
1991, LaSalle 1994), and it is unknown 

how many species actually occur in Cali- 

fornia. Two new hosts in the Cosmopter- 

igidae and Tischeriidae are reported as 

new. 
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24. Genus Aprostocetus Westwood 

(Figs. 91-92) 

Diagnosis.—Tarsi 4-segmented. Funicle 

3-segmented (4-segmented in male). Sub- 
marginal vein with 2 or more setae dor- 
sally; postmarginal vein reduced or ab- 
sent, less than a third as long as stigmal 
vein. Notauli complete; midlobe of meso- 

scutum with a single adnotaular row of 

setae; scutellum with 2 pairs of setae and 
2 pairs of longitudinal grooves. Propo- 
deum with raised lobe of callus overhang- 
ing outer rim of spiracle (Fig. 91). Gaster 
with cercal setae not all subequal, one dis- 

tinctly longer and sinuate (Fig. 92). This 

genus may be confused with Baryscapus, 
see discussion under that genus. 

Notes.—This genus is cosmopolitan and 

abundant with hundreds of species that 
have a wide host range (Graham 1987, 

Boucek 1988, LaSalle 1994), and it is un- 

known how many occur in California. 

New host species recorded herein include 

members of Tischeriidae, Gracillariidae, 

and Lyonetiidae. 

Subfamily Entedoninae 

25. Genus Horismenus Walker 

(Figs. 84-85) 

Diagnosis.—Tarsi 4-segmented. Funicle 

3-segmented (4 in male). Submarginal 

vein with 2 setae dorsally; postmarginal 

vein shorter than stigmal vein. Anterior 

margin of pronotum with carina; notauli 
incomplete; scutellum with median 
groove (Figs. 84-85); propodeum with me- 
dian carina bordered by depressed and of- 

ten sculptured area (Fig. 85). May be con- 

fused with other ‘hard-bodied’ entedoni- 

nes such as Pediobius, but the propodeal 
sculpture is unique (Fig. 85). 

Notes.—Primarily a New World genus 

with at least 17 Nearctic species of which 

at least two are known from California 

(Noyes 1998). Species of Horismenus are 

parasitic or hyperparasitic (facultative or 
obligate) on a wide range of hosts (Burks 
1971). The species of Horismenus recorded 

here include new host associations for 

leafmining members of Tischeriidae and 
Gracillariidae. 

26. Genus Pediobius Walker 
(Fig. 86) 

Diagnosis.—Tarsi 4-segmented. Funicle 

3-segmented. Submarginal vein with 2 se- 
tae dorsally; postmarginal vein subequal 
to stigmal vein. Anterior margin of prono- 
tum with carina; notauli incomplete; scu- 

tellum lacking median groove (Fig. 86); 
propodeum with paired, posteriorly-di- 
vergent median carinae (Fig. 86), with lat- 

eral plica. Petiole present and distinct (cf. 
Fig. 80). May be confused with other 
‘hard-bodied’ entedonines such as Horis- 
menus, but its propodeal sculpture is 
unique (Fig. 86). 

Notes.—Primarily an Old World genus, 
species of Pediobius are parasitic or hyper- 
parasitic on a wide range of hosts (Boucek 
1965, Kerrich 1973, Peck 1985). Approxi- 

mately 39 Nearctic species are described 
with at least two documented from Cali- 
fornia (Noyes 1998). The Pediobius reared 

in this study were associated with Helio- 
zelidae and Agromyzidae. 

27. Genus Chrysocharis Forster 
(Figs. 53, 87) 

Diagnosis.—Tarsi 4-segmented. Funicle 
3-segmented (4-segmented in male). Sub- 

marginal vein with 2 setae dorsally; post- 
marginal vein at least 1.5x as long as stig- 
mal vein (Fig. 53). Frontofacial suture V- 
shaped, rarely transverse; scutellum lack- 

ing median groove, with 1 pair of setae 
(Fig. 87); propodeum usually lacking pli- 
cae, incomplete median carina sometimes 

present. Distinguished from other genera 

of Entedoninae by the postmarginal vein 
1.5x as long as the stigmal vein (Fig. 53). 
Notes.—A speciose Holarctic genus with 

64 species known from the Nearctic and a 
host range spanning the Diptera, Lepidop- 

tera, Coleoptera and Hymenoptera (Hans- 

son 1985a, 1987). All of the new associa- 

tions reported here for Chrysocharis are 



primarily in the families Agromyzidae, 

Gracillariidae and Elachistidae. 

28. Genus Achrysocharoides Girault 
(Figs. 88-89, 116) 

Diagnosis.—Tarsi 4-segmented. Funicle 
3-segmented. Submarginal vein with 2 se- 
tae dorsally; postmarginal vein at most as 
long as stigmal vein; stigmal vein lacking 

radiating setal lines (as in Fig. 59). Fron- 
tofacial suture straight, transverse (Fig. 

89); mesoscutum and scutellum often pit- 
ted (Fig. 88); scutellum lacking median 

groove, with 1 pair of setae; propodeum 

lacking plicae and median carina (Fig. 
116). Achrysocharoides is most commonly 

confused with other possibly closely relat- 
ed genera: Neochrysocharis and Closteroce- 
rus. All three genera lack a median carina 
and plica on the propodeum, lack a trans- 
verse Carina on the pronotum, lack a clyp- 
eal suture, and have the postmarginal vein 

at most as long as the stigmal vein. How- 
ever, Neochrysocharis has the frontofacial 
sutures V- or Y-shaped (as in Fig. 110) and 

the mesosoma is never pitted dorsally, 

while Closterocerus has a single radiating 
line of setae extending from the stigmal 
vein and has the wing often with infuscate 
bands (Fig. 54), and is never pitted dor- 

sally. Those specimens of Ac/irysocharoides 
reared from California leafminers possess 
mesh-like reticulation, lack the dorsal pit- 

ting and are most easily separated by the 
straight frontofacial suture. 

Notes.—This cosmopolitan genus at- 
tacks small leafmining Lepidoptera (Yosh- 
imoto 1977, Bryan 1980, Hansson 1985b, 

Kamijo 1990, 1991). Eighteen Nearctic spe- 

cies are known with one species (A. zwoel- 

feri (Delucchi)) reported from British Co- 

lumbia, Canada and one new California 

record for A. villosus Kamijo presented 
here. All new host associations for this ge- 
nus are restricted to members of the Gra- 
cillariidae. 

29. Genus Neochrysocharis Kurdjumov 
(Pies. 59; 15) 

Diagnosis.—Tarsi 4-segmented. Funicle 

2-segmented. Submarginal vein with 2 se- 
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tae dorsally; postmarginal vein shorter 

than stigmal vein (Fig. 59). Frontofacial 
sutures shaped like a “V’; mesoscutum 
and scutellum never pitted; scutellum 

with 1 pair of setae; propodeum lacking 
plicae and median carina. Mesopleuron 

with transepimeral sulcus strongly arched 

(Fig. 115). Pore wing lacking line of setae 
radiating apically from stigma. 

Notes.—Hansson (1995) provides a key 

to the 18 species north of Mexico, but 24 
nominal taxa are reported by Noyes (1998) 

as occurring in the Nearctic region with 

five of these in California. This genus is 
known from hosts in the Coleoptera, Dip- 

tera, Hymenoptera, and Lepidoptera. 
New host associations for this genus in- 

clude members of the Agromyzidae, Gra- 
cillariidae, Tischeriidae and Heliozelidae. 

30. Genus Closterocerus Westwood 

(Figs: 54, 110-111 lt 7) 

Diagnosis.—Tarsi 4-segmented. Funicle 

2-segmented. Submarginal vein with 2 se- 

tae dorsally; postmarginal vein shorter 
than stigmal vein (Fig. 54). Frontofacial 

sutures shaped like a “V”’ (Fig. 110); me- 

soscutum and scutellum never pitted; scu- 
tellum with 1 pair of setae; propodeum 
lacking plicae and median carina. Meso- 

pleuron with transepimeral sulcus weakly 
arched (Fig. 117) or straight. Fore wing 

with a single line of setae radiating api- 
cally from stigma (Fig. 54). 

Notes.—Hansson (1994) provides a key 

to 21 species in the Nearctic region. Of 
these, nine are known from California. 

Members of this genus attack a wide va- 
riety of insects: Coleoptera, Hemiptera 

(Psyllidae), leaf mining Diptera, Lepidop- 

tera, and Hymenoptera as well as the eggs 
of Symphyta. New host associations pre- 

sented here represent five families of mi- 

crolepidoptera: Lyonetiidae, Gracillari- 

idae, Tischeriidae, Elachistidae and Cos- 

mopterigidae. 
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truncate 

syntergum 

Figs. 60-67. 60-61, Parablastothrix nearctica: 60, face. 61, lateral mesosoma. 62-65, Eupelmus sp., female: 62, 
dorsal mesosoma. 63, lateral mesosoma, male. 64, dorsal pronotum. 65, apex of protibia. 66-67, Brasema Sp.: 
66, dorsal gaster. 67, mesotarsus. 
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Figures 68-75. 68-69, Eupelmus sp.: 68, apex of gaster. 69, mesotarsus. 70-71, Pteromalus sp.: 70, lateral head 

and pronotum. 71, dorsal mesosoma. 72-74, Halticoptera sp., male: 72, propodeum. 73, clypeus and palps. 74, 

dorsal petiole. 75, Thinodytes sp., clypeus. 
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notaulus 

Figs. 76-83. 
79, dorsal mesosoma and gaster. 80, propodeum. 81, anterolateral mesosoma. 82, Mauleus sp., face 

76-77, Thinodytes sp.: 76, propodeum. 77, dorsolateral petiole. 78-81, Mesopolobus sp.: 

omalus sp., clypeus. 

78, face. 

83, Pter- 
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Figs. 84-91. 84-85, Horismenus sp.: 84, dorsal mesosoma. 85, propodeum. 86, Pediobius sp., propodeum. 87, 

Chrysocharis sp., dorso-lateral mesosoma. 88-89, Achrysocharoides sp.: 88, dorsal mesosoma. 89, face. 90, Hem 

ptarsenus sp., face. 91, Aprostocetus sp., scutellum. 
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PAL nel aN 
ys en pa \\\ 
rate es 

Figs. 92-99. 92, Aprostocetus sp., gaster apex, dorsal view. 93-94, Baryscapus sp.: 93, scutellum. 94, gaster 

apex, lateral view. 95, Diglyphus sp., dorsal mesosoma. 96, Miotropis sp., dorsal mesosoma. 97-98, Pnigalio sp.: 

97, dorsal mesosoma. 98, propodeum. 99, Sympiesis sp., dorsal mesosoma 
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00-107. 100-101, Elachertus sp.: 100, dorsal mesosoma. 101, propodeum 102-105, Brachymeria sp.: 102, 

view petiole; inset: junction parascutal and axillar carinae above wing base. 103, hind leg. 104, pro- 

podeal spiracle. 105, antenna. 106, Eurytoma sp., anterior mesosoma, dorsal view. 107, Conura sp., lateral gaster. 
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Figs. 108-115. 108-109, Zagrammosoma sp.: 108, dorsal mesosoma 109, face. 110-111, Closterocerus sp.: 110, 

face. 111, dorsal mesosoma. 112-113, Spalangia sp.: 112, face. 113, dorsal mesosoma and gaster. 114, Cirrospilus 

dorsal mesosoma. 115, Neochtrysocharis sp., lateral mesosoma / Sp. 
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Fig. 116-117. 

Subfamily Euderinae 

31. Genus Euderus Haliday 

(Fig. 45) 

Diagnosis.—Tarsi 4-segmented. Funicle 
4-segmented. Fore wing with 2-3 lines of 
radiating setae and with distinct row of 
setae ventrally in the admarginal area 
(Fig. 45). Notauli deep, complete. 

Notes.—Yoshimoto (1971) provides a 

key to the species north of Mexico, and 
Noyes (1998) records 30 species from the 

Nearctic region with five of these known 
from California. These are primary para- 
sites of Lepidoptera, Coleoptera, and Hy- 
menoptera, or secondary parasites of Lep- 
idoptera through Ichneumonoidea. The 
specimen reared in this study is newly as- 

sociated with Neurobathra bohartiella Opler, 

a gracillariid. 

Family EUPELMIDAE 

Subfamily Eupelminae 

32. Genus Eupelmus Dalman 
(Figs..62-65,: 68-69} 

Diagnosis.—Tarsi 5-segmented. Funicle 
7-segmented. Mesopleuron enlarged and 
convex (Fig. 63) (females only). Mesoscu- 

tum with large concave depression (Fig. 
62); pro- and mesocoxae separated by sev- 
eral times their own diameter. Syntergum 
varied in structure, often emarginate (Fig. 

68). Fore wing usually hyaline or with lon- 

gitudinal infuscate band; propodeum with 
mesotibia lacking oblique apical groove 
and dark apical pegs above base of tibial 
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116, Achrysocharoides sp., propodeum. 117, Closterocerus sp., lateral mesosoma. 

spur (Fig. 69); Gt, and one or more of 

Gt,., with posterior margins broadly or 

narrowly V-like emarginate. 

Notes.—Noyes (1998) reported 42 spe- 
cies from the Nearctic region; six were 

found in California. The subgenus Eupel- 
mus (Eupelmus) is cosmopolitan, but most 

speciose in the Nearctic where they are 
parasitoids or hyperparasitoids of numer- 
ous taxa of Holometabola, usually crypti- 

cally-feeding taxa. Some are known from 

eggs of Homoptera, Mantodea, Coleop- 
tera, Lepidoptera and Orthoptera (Boucek 
1988, Gibson 1995). The specimens reared 
in this study are associated with an un- 

known leafminer (Gelechiidae) on Arcto- 

staphylos glauca Lindl. (Ericaceae) as well 

as Cameraria shenaniganensis Opler and Da- 
vis (Gracillariidae), and Prodoxus colora- 

densis Riley (Prodoxidae). 

33. Genus Brasema Cameron 

(Figs. 66-67) 

Diagnosis.—Tarsi 5-segmented. Funicle 
7-segmented. Mesopleuron enlarged and 

convex (females only). Syntergum in dor- 
sal view with posterior margin truncate or 
slightly emarginate (Fig. 66). Fore wing 

usually hyaline or with longitudinal infus- 
cate band; propodeum with plical region 
sublinear to quadrate, but broad and in 
approximately same plane as callar re- 
gion; mesotibia with oblique apical groove 
and dark apical pegs above base of tibial 
spur (Fig. 67); Gt, and or more of Gt, 
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with posterior margins broadly or narrow- 

ly V-like emarginate (Fig. 66). 

Notes.—Approximately 50 species of 

Brasema are known (Gibson 1995),  al- 

though many of these have yet to be re- 

moved from Eupelmus. Only five species 
are currently reported for the Nearctic re- 

gion (Noyes 1998) and one of these is 

found in California. Brasema is cosmopol- 

itan, but most speciose in the Neotropics 

where they are parasitoids or hyperpar- 
asitoids of numerous Holometabola in 

cryptic habitats. Some are known from 

eges of Homoptera, Mantodea and Or- 
thoptera (Gibson 1995). The species of Bra- 

sema herein are newly associated with 

Agromyzidae (Liriomyza sp.). 

Family EURYTOMIDAE 

Subfamily Eurytominae 

34. Genus Eurytoma Illiger 
(Fig. 106) 

Diagnosis.—Tarsi 5-segmented. Funicle 
5-segmented. Pronotum quadrate in dor- 

sal view (Fig. 106). Body sculpture umbil- 
icately punctate. Propodeum usually de- 
pressed or channeled medially. 
Notes.—Bugbee (1967) provided a key to 

species north of Mexico. Of the approxi- 
mately 700 nominal species worldwide, at 
least 92 occur in the Nearctic with dozens 
in California (Noyes 1998). This genus ex- 
hibits a wide host range from phytophagy 
(at least 4 plant families) to entomophagy 

(Coleoptera, Diptera, Lepidoptera, Hyme- 
noptera, Hemiptera, Araneae) or both 
(DiGiulio 1997). The species reared in this 
study emerged from an unknown leafmi- 
ner on Penstemon caesius A. Gray (Scro- 

phulariaceae). 

Family PTEROMALIDAE 
Subfamily Miscogasterinae 

35. Genus Callimerismus Graham 

Diagnosis.—Tarsi 5-segmented. Funicle 

6-segmented. Clypeus with three asym- 
metrically arranged apical denticles. Pro- 
notum angular between collar and neck. 
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First gastral tergum with posterior margin 
nearly straight; petiole less than 1.4 as 
long as broad and anteroventrally braced 
with transverse flange (as in Fig. 74). Pro- 

podeum with submedian area strongly re- 
ticulate (as in Fig. 80). Color metallic 
green. 

Notes.—Until now, no host had been re- 
corded for this genus (Heydon 1989) and 
only one species was known from eastern 
North America and four worldwide 
(Noyes 1998). The species reared in this 

study emerged from an unknown leafmi- 
ner on Penstemon caesius A. Gray (Scro- 

phulariaceae). 

36. Genus Thinodytes Graham 
(Figs. 32, 75-77) 

Diagnosis.—Tarsi 5-segmented. Funicle 
6-segmented (Fig. 32), scape usually me- 
tallic. Clypeus either with one asymmetric 
tooth (Fig. 75) or with three teeth (none 

known with bidentate clypeus), but then 
teeth usually sharp and with only narrow 
gap between them. Palps and stipites in 
male slender. Pronotum angular between 
collar and neck. First gastral tergum with 
posterior margin nearly straight (as in Fig. 
79); petiole less than 1.4 as long as broad 

and anteroventrally braced with trans- 
verse flange (Fig. 77). Propodeum with 
submedian area strongly reticulate (Fig. 
76). Color almost wholly black to metallic 
green. According to Heydon (1995), Thi- 
nodytes is characterized by its complete ab- 
sence of synapomorphies defining related 
genera. Two genera commonly confused 
with Thinodytes are Halticoptera and Mau- 
leus. These latter genera are recognized by 
having the torulus above lower eye mar- 
gin, the petiole without a median carina 
and with its anterolateral corners sharp 
and enlarged (Mauleus), the scape usually 
non-metallic, the male maxilla with lamel- 

lately expanded palps and usually with 
another lobe on the stipites, the petiole 

usually with median carina and with an- 
terolateral corners of petiole not so greatly 
expanded (Halticoptera). 
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Notes.—Five members of this genus are 

known from the Nearctic region with 
three of these known to occur in California 

(Noyes 1998). All known hosts are small 

Diptera living in plants as stem or leaf 

miners (Heydon 1995). The species reared 
in this study emerged from an unknown 

leafminer on Penstemon caesius A. Gray 

(Scrophulariaceae). 

37. Genus Halticoptera Spinola 
(Figs. 72-74) 

Diagnosis.—Tarsi 5-segmented. Funicle 
6-segmented. Clypeus bidentate (Fig. 73). 
Pronotum angular between collar and 

neck. First gastral tergum with posterior 
margin usually emarginate; petiole less 
than 1.4 as long as broad, anteroventral- 

ly braced with transverse flange and with 
longitudinal carina (Fig. 74). Propodeum 

with submedian area strongly reticulate. 
Color bright metallic green. 

Notes.—See discussion under Thinodytes 

for differentiating this genus from Mauleus 
and Thinodytes. Approximately nine spe- 
cies have been recorded from the Nearctic 
region and three from California (Noyes 
1998). Records for Halticoptera presented 
here include one new host association 

with Calcomyza sp. (Agromyzidae). 

38. Genus Mauleus Graham 

(Fig. 82) 

Diagnosis.—Tarsi 5-segmented. Funicle 
6-segmented. Clypeus bidentate (Fig. 82). 
Pronotum angular between collar and 
neck; dorsum of mesosoma as high as ver- 
tex. Gtl with posterior margin usually 
emarginate; petiole less than 1.4 as long 
as broad and anteroventrally braced with 
transverse flange (as in Fig. 77). Propo- 

deum with submedian area moderately 
reticulate (as in Fig. 76). Color dark me- 
tallic green or blue. 

Notes.—See discussion under Thinodytes 
for differentiating this genus from Mauleus 
and Halticoptera. The genus Mauleus con- 
tains five nominal species, of which at 
least 3 occur in the Nearctic (Noyes 1998). 
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Where biologies are known, they attack 

leafmining Diptera (Heydon 1995). The 

species reared in this study emerged from 

an unknown leafminer on Penstemon cae- 

sius A. Gray. 

Subfamily Pteromalinae 

39. Genus Trichomalopsis Crawford 
(Fig. 47) 

Diagnosis.—Tarsi 5-segmented. Funicle 

6-segmented. Head lacking both postgenal 
carinae and depression laterad of mouth; 

occiput with carina halfway between ocel- 

li and foramen. Pronotal collar not or 

barely margined. Propodeum with dis- 

tinct plicae and often with median carina. 

Stigmal vein subequal in length to mar- 

ginal vein. 
Notes.—At least 15 species occur in the 

Nearctic (~4 from California (Noyes 

1998)) region and typical hosts are pupae 
of Coleoptera and Lepidoptera (Boucek 
and Heydon 1997). The Trichomalopsis 
reared in this study are associated with 

?Periploca sp. (Gelechiidae) and an uniden- 
tified chrysomelid. 

40. Genus Mesopolobus Westwood 
(Figs. 44, 78-81) 

Diagnosis.—Tarsi 5-segmented. Funicle 

5- or 6-segmented. Pronotal collar typical- 
ly without conspicuous smooth strip or 

body with the following features: mesos- 

cutal reticulation regular, usually without 

distinct setiferous punctures (Fig. 79); left 

mandible with 3 teeth, the right with 4. 
Flagellum with 3rd flagellomere anelli- 

form, shorter than pedicel. Ocelli not very 

small; propodeal spiracle ovate, its longest 
diameter 4—%4 length of propodeum. One 
of the most poorly defined genera in Pter- 

omalidae, often confused with Pteromalus, 

among others. Pferomalus has the third fla- 

gellomere = the length of the pedicel and 
the nucha raised reticulate, while Mesopo- 

lobus has the third flagellomere < the 
length of the pedicel and the nucha at 

most striate. 
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Notes.—Noyes (1998) listed over 200 

named species of Mesopolobus (excluding 
synonymies, etc.) and the several dozen 

species in the Nearctic region attack in- 
sects in galls of Cynipidae and pupae of 
Lepidoptera, Symphyta, and Coleoptera 
(Boucek and Heydon 1997). The new as- 

sociation for Mesopolobus is Cameraria sem- 
pervirensella Opler and Davis (Gracillari- 
idae). 

41. Genus Pteromalus Swederus 

(Figs. 55-56, 70-71, 83) 

Diagnosis.—Tarsi 5-segmented. Funicle 
6-segmented. Pronotal collar with or with- 
out conspicuous smooth strip. Left man- 
dible with 3 or 4 teeth, the right always 
with 4 teeth. Flagellum with 3rd flagello- 
mere often only slightly transverse, quad- 

rate or oblong, as long as or longer than 
pedicel. Stigmal vein *%4-¥, length of mar- 

ginal vein (Fig. 55); propodeum lacking 
costula and with posterior corner obtuse; 
pronotal collar with abrupt or round mar- 
gin (Figs. 70, 83). It is difficult in many 

instances to differentiate between Mesopo- 
lobus and Pteromalus as both are very sim- 
ilar (see above), but Pteromalus usually has 

a more compact head (Fig. 56). 
Notes.—Well over 1,000 names world- 

wide are listed in this genus by Noyes 
(1998) (excluding synonymies, etc.). At 

least 40 species occur north of Mexico on 
pupae of Lepidoptera, Coleoptera and 
their parasitic Hymenoptera. One species 
occurs in spider egg sacs (Boucek and 
Heydon 1997). 

Subfamily Spalangiinae 

42. Genus Spalangia Latrielle 
(Figs. 112-113) 

Diagnosis.—Tarsi 5-segmented. Funicle 
7-segmented, clava unsegmented. Toruli 
just dorsad of mouth opening (Fig. 112). 
Upper face with row of punctae medially. 
Head and mesosoma usually with deep, 
setiferous punctures and shiny between 
(Fig. 113). Petiole elongate with longitu- 

dinal carinae. 
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Notes.—Minimally 12 species in the Ne- 

arctic known to attack puparia of Diptera 
(Burks 1969), with at least six species on 

synanthropic flies. Four species are known 
from California (Noyes 1998). The speci- 

men of Spalangia reared here is newly as- 
sociated with Liriomyza sp. (Agromyzi- 

dae). 

Family TORYMIDAE 
Subfamily Toryminae 

43. Genus Microdontomerus Crawford 

(Fig. 46) 

Diagnosis.—Tarsi 5-segmented. Funicle 
5-segmented. Metapleuron separated by 
straight line from mesopleuron, not pro- 

jecting forward (as in Fig. 51). Metafemur 
with ventral margin minutely serrate (Fig. 

46). Propodeum with two complete sub- 
median carinae. 

Notes.—Four species (6 undescribed) 

species in the Nearctic region, of which 

three are known from California (Grissell 

1979, Grissell 1995, Grissell 1997) are pri- 

mary and secondary parasites of Lepidop- 
tera, Coleoptera, Diptera, Aculeata, and 

their parasites (Braconidae). The specimen 
reared during this study is associated with 

Coelopoeta glutinosi (Walsingham), an 
elachistid. 

44. Genus Torymus Dalman 

Diagnosis.—Tarsi 5-segmented. Funicle 
7-segmented. Metapleuron separated by 
sinuous line from mesopleuron, projecting 

forward into mesopleuron (Fig. 52). Me- 

tafemur lacking teeth (as in Figs. 36-37). 
Fore wing with marginal vein at least 7.0 
as long as stigmal vein (Fig. 40). 

Notes.—Over 320 species of Torymus oc- 
cur worldwide and keys have been pro- 
vided by Huber (1927) and Grissell 

(1976—part) to the approximately 99 spe- 

cies north of Mexico. Approximately 35 
species are recorded by Noyes (1998) as 
occurring in California. Species of Torymus 
usually attack gall-forming Cynipidae, Ce- 
cidomyiidae or are phytophagous. The 
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single male specimen reared in this study 
is associated with an unknown leafminer 

on Arctostaphylos glauca Lindl. (Ericaceae). 

QUESTIONABLE RECORDS 

Superfamily Chalcidoidea 
Family SIGNIPHORIDAE 

Genus Chartocerus Motschulsky 

Members of Signiphoridae are most fre- 
quently reared from Hemiptera, Aphidi- 
dae and Psyllidae, but are also known to 

be hyperparasitic through Hymenoptera 
and Diptera. While Chartocerus are pri- 

marily obligate hyperparasitoids of the 

aforementioned taxa, they also have been 

recovered from puparia of Diptera (Cha- 

maemylidae (Woolley 1997), Drosophili- 

dae (Hanson 1995), and Chloropidae (Er- 
dés 1957)). A single specimen was reared 

from a blotch leaf mine on Quercus sp., 

which was mined by an unknown species 
of leafminer. Though not impossible in 
terms of hosts associations, we prefer to 

place this specimen as questionable both 
until a definitive host record becomes 

available and because this was the only 

signiphorid recovered in well over 15,000 

rearings included in this study. 

Family MYMARIDAE 

Genus Gonatocerus Nees 

The members of this genus are known 
to attack eggs of Cicadellidae and Mem- 
bracidae (Huber 1997). Although suppos- 
edly reared from a species of Liriomyza 
mining leaves of Datisca glomerata, we be- 
lieve that this specimen emerged from un- 
detected contamination rather than the 
agromyzid. 

Family PTEROMALIDAE 
Genus Lyrcus Walker 

Over 15 species are known from the Ne- 
arctic (Heydon and Bouéek 1992). There is 
only one described species in western 
Canada and western United States and 
several undescribed species. The specimen 
in this study is associated with Liriomyza 
sp. on Salvia mellifera Greene. This species 
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is known from gall-forming Cecidomyi- 
idae and Rhopalomyia spp. are known to 
form tubular leaf galls on western Salvia 
spp. These galls are often inconspicuous 
and may have been overlooked as a con- 
taminant giving rise to the Lyrcus Justicia 
(Girault) specimen. 
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Abstract.—Leucospis pinna Grissell and Cameron, new species, is described from Ecuador. It 

is a parasitoid of the orchid bee Eulaema meriana (Olivier) (Hymenoptera: Apidae) and is the first 

species of Leucospis reported to parasitize bees in the tribe Euglossini. It is the first known member 

of the family reported to have gregarious larvae. 

The genus Leucospis Fabricius was re- 

vised at the world level in 1974 when 109 

species were recognized (Boucek 1974a). 

Since then five new species have been de- 

scribed and one name has been synony- 

mized (Boucek 1974b, Habu 1977, Boucek 

and Narendran 1981, Naumann 1981, En- 

gel 2002). Of the described species, 44 are 
from the New World with the great ma- 

jority being Neotropical (Bouéek 1974a, b). 

Although the entire family of Leucospidae 

(about 130 species) is thought to be para- 
sitic upon aculeate Hymenoptera—soli- 

tary bees and less frequently solitary 
wasps—hosts are actually known only for 

about 30 species, and for most of these the 

biology remains essentially undocument- 

ed (Boucek 1974a, Noyes 2001). 
Boucek (1974a) reviewed biological re- 

ports on leucospids, but most literature 
amounted to observations about oviposi- 

tion and egg and larval morphology. Only 
three species are relatively well known bi- 

ologically: L. gigas F. (Palearctic), L. affinis 
Say (Nearctic), and L. japonica Walker (Pa- 
learctic). Information for L. gigas is largely 

based on original work done by Fabre 
(1855) and subsequently summarized by 

workers such as Clausen (1940), Malyshev 

(1968), Bouéek (1974a), and Hanson 

(1995). In this species, several eggs were 
laid on each host and the active first instar 
larva ‘‘searches out and destroys any com- 
petitors that may be present in the same 
cell’” (Hanson 1995). Graenicher (1906) re- 

ported on L. affinis, stating that it was a 
solitary external parasitoid with an active 
first instar larva that sought out the bee 
host within its cell (or cocoon). He could 

not confirm active cannibalism but stated 
that both rival egg and larval destruction 

was likely, based on his observations of 
the incessant movement of the single larva 
he found in each of three cells. Leucospis 
japonica (data summarized by Habu 1962) 
follows the same pattern, with the first in- 

star larva moving about by bristles on the 

abdominal segments and killing off any 
other leucospid larva present on the host. 
Other than observations on these three 
species, relatively little is known about the 

life history of Leucospidae. 
In this paper we describe a new Leucos- 

pis species attacking the large orchid bee 

Eulaema meriana (Olivier) (Hymenoptera: 

Apidae), the biology of which will be dis- 
cussed in another paper (Cameron and 

Ramirez 2001). Our report is the first ac- 

count of a Leucospis parasitizing bees in 

the tribe Euglossini (Apidae), although 
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Figs. 1-2. Leucospis pinna, habitus. 1, Female. 2, Male. 

three species of the related genus Polisti- 
morpha Westwood are known to attack 
bees in the genus Euglossa Lepeletier (Bou- 

éek 1974a). More significantly, this new 

species represents the first report of a gre- 
garious ectoparasitoid species (i.e., multi- 

ple individuals emerging from the same 
brood cell) in the genus Letcospis. 

Leucospis pinna Grissell and Cameron, 

new species 
(Figs. 1-9, 12-17) 

Holotype female (Fig. 1).—Length 8.3 
mm. Black to reddish brown with weak 

metallic tinge except yellow as follows: 
venter of flagellum, scape entirely, pron- 

otum with narrow transverse band along 

apical and posterior margins, apical band 
extending to anterolateral corner and 
forming ovoid spot, midlobe of scutum 

with narrow band on lateral and posterior 
margins, posterior half of acropleuron, 

apex of metacoxa, apex of pro- and me- 

sofemora, dorsal and ventral band on me- 

tafemur (Fig. 8, indicated by dotted lines), 

dorsum of all tibiae, pro- and mesotarsi, 

metatarsus ventrally (shading to brown 
dorsally), ovipositor sheath. Brown to red- 
dish brown are: dorsum of flagellum, te- 

gula, wing veins, upper third of wing, and 

trochanters. Head: Distinctly narrower 

than pronotum, dorsally about 3.5 wider 

than long, in facial view about as high as 

wide (Fig. 3); occipital carina sharp, ele- 

vated, visible from front of head (Fig. 3); 

postocellar length (POL) 2.0% ocellocular 
length (OOL); ocellar area about 2.8% as 
broad as long; scrobal depression trans- 
versely lightly striate, carinate dorsally 
and basolaterally but not mediolaterally 
(Fig. 3); eye distinctly emarginate along in- 

ner margin. Frontovertex punctate, chang- 

ing to reticulate rugose at eye emargina- 

tion to lower margin of face; interantennal 
area with slight median keel extending 
partially to clypeus. Clypeus (Fig. 4) 
slightly broader than high, apical margin 
produced, slightly bilobed, without me- 

dian tooth, margin carinate, slightly de- 

pressed along carina, laterally carinate at 
some angles of view (not apparent at some 

angles), apicomedian area punctate with 
carinae radiating dorsally to slightly 
above midpoint, area above with well-de- 

fined setose punctures about own diame- 
ter apart. Antenna as in Fig. 6, scape about 

3x as long as broad, ventrally flat, pol- 
ished (Fig. 7), otherwise covered with 

nearly contiguous setose punctures. Man- 

dible (Fig. 4) with deeply semicircular 
broad gap separating sharp lower tooth. 
Eye and face (except scrobal depression) 
covered with short, silvery setae. Meso- 

soma: Except as noted, covered with near- 
ly contiguous setose punctures separated 

by interstices less than 0.2 to 0.5 puncture 
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diameter, interspaces finely aciculate; dor- 

sellum and propodeum more densely 

punctate and pubescent than scutum; lat- 
eral pronotum rugulose; femoral depres- 

sion deep, polished to aciculate. Pronotum 
without transverse carinae. Mesoscutum 

without vestiges of parapsidal line or no- 
taulus. Tegula punctate with edges barely 
aciculate. Scutellum about 1.8 wider 

than long. Dorsellum distinctly transverse, 
rectangular, 4X wider than long; lateral 

panel of metanotum obscured by long, sil- 

very pubescence. Propodeum medially 3x 
as long as dorsellum, median carina raised 

into fin-like lamella, dorsally curved and 

posteriorly concave (Fig. 5); plica extreme- 

ly well-developed, raised distinctly above 

surface of propodeum; spiracle, postspi- 
racular sulcus, and callus obscured by 

long, dense golden pubescence; postero- 

lateral corner angled with deep carinate 

concavity between it and metapleuron. 
Pro- and mesocoxae transversely carinate 

on outer surface; metacoxa (Fig. 8) in lat- 

eral (flat) view with depression evenly 

punctate, punctures several times own di- 

ameter apart and interstices appear pol- 
ished (Fig. 8a), in oblique view punctures 

appear longitudinally elongate, separated 

by minute parallel striae (Fig. 8b), and sur- 
face appears covered with minute carinae 

or striae; ventral surface with minute 

punctures separated by polished interstic- 
es less than puncture diameter apart; 
punctures on entire coxa each with minute 

setae (less than puncture diameter in 

length). Metafemur (Fig. 8) about 2* as 
long as broad, basal tooth in middle fol- 
lowed by 6 or 7 smaller, irregular-sized 

teeth; puncatation nearly touching, dense 
and evenly spaced over entire surface (Fig. 
8c), each with minute seta. Apex of me- 

tatibia (Fig. 9) with outer spur distinctly 

articulated basally, curved, pointed, and 

about 0.8 width of tibial apex; inner spur 
apically blunt but with tuft of setae mak- 

ing spur appear pointed, in side (Fig. 9, 

inset) view spur flattened, curving distal- 
ly, and about 0.8% width of tibial apex. 

Metabasitarsus (Fig. 8) dorsally about 

15x apical breadth of tibia. Forewing 
with ratio of submarginal: marginal: stig- 
mal: postmarginal about 11:3:2:8, pat- 
terned brown as in Fig. 12. Metasoma: In 
dorsal view, apical terga (2-5) parallel sid- 
ed (Fig. 13), metasomal terga 6 (apparent 

4) bulging; in side view (Fig. 14) metaso- 
mal tergum 6 greatly convex dorsally, 
slightly angled near apex above ovipositor 
sheaths; metastomal tergum 1 (petiole) not 
apparent; metasomal tergum 2 (first ap- 

parent) with anterolateral corners angled 

sharply, anterior margin polished, poste- 

rior margin with narrow polished band, 

otherwise densely punctate, each punc- 
ture with recumbent, backward projecting 
seta about 2 length of puncture diame- 
ter; apical punctures medially somewhat 

crenulate to longitudinally elongate, near- 
ly touching, becoming round laterally and 
posteriorly, separated at least by own di- 
ameter, interspaces polished; metasomal 

tergum 3 not visible from above; metaso- 

mal tergum 4 visible as narrow band with 
slight transverse striae, without punc- 
tures; metasomal tergum 5 with complete 
median split, covered with contiguous 

dense punctation obscured by elongate 
golden or silvery setae each 5 or more 
times puncture diameter; metasomal ter- 
gum 6 with slight median split from apex 
about one-third distance to posterior mar- 
gin, entirely covered with nearly contigu- 
ous dense punctures less than own diam- 
eter apart, interspaces slightly striate, each 
puncture with appressed silvery seta, se- 
tae increasing in length from dorsal sur- 
face (about 2 or 3 puncture diameters in 
length) posteriorly (near ovipositor 
sheaths) to about same length as on me- 
tasomal tergum 5; metasomal tergum 7 
and 8 (syntergum) similar to dorsum of 6, 

7 dorsally split; ovipositor sheath straight, 
exserted scarcely greater than length of in- 
ner metatibial spur; hypopygium apically 
pointed, reaching nearly to posterior of 
metasomal tergum 6. 

Male paratypes (Fig. 2)—AIl about 7 mm 
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in length. Similar to female except as fol- 
lows: Scape reddish brown, ventrally with 
irregular punctures similar to, but less 

dense than, those on sides and dorsum. In 

dorsal view metasoma bulging laterally 
(Fig. 16), in side view dorsal margin con- 

vex (Fig. 15); metasomal tergum 3 not ap- 
parent from above (possibly seen as small 
laterotergite at side, Fig. 15), terga 4-7 
fused dorsally, with 4 (apparent 2) sepa- 

rated from 5 by row of distinct pits, terga 
8 and 9 distinct; metasomal terga 2 and 4 

with distinct laterotergites (Fig. 15), ter- 

gum 5 with indistinct laterotergite (fused 
along top margin but slightly indicated at 
anterodorsal corner, Fig. 15), punctation 

on metasomal tergum 2 about as on scu- 

tellum, remainder of terga sculptured 

about as for female; setae similar overall 

but slightly longer on posterior of terga 4— 
7; metasomal sterna rigid, wide (Fig. 17), 

punctures largest on apparent sternum | 

decreasing in size to sternum 6, which is 
medially impunctate, sternum 7 impunc- 
tate; sternum 1 with median hook-like 

projection (best seen in profile, Fig. 15), 
apex of sterna 1 and 2 medially angled, 

surface of sterna 6 and 7 slightly to mod- 

erately medially concave. 

Variation.—Females range in length 

from about 7 to 9 mm. The type series is 

consistent in most features. In some fe- 

males, metasomal tergum 4 is scarcely vis- 

ible as a narrow strip, whereas on others 

it is wide enough to see weak punctures 

and setae. The few males we have seen do 

not appear to vary even in length. 
Type material.—Holotype female: Ecua- 

dor, Orellana, Tiputini Biodiversity Sta., 

3-13-VII-2000, S. Cameron, emerged from 

cells in nest of Eulaema meriana “lizard 

nest’ (National Museum Natural History, 

Washington, DC [USNM]); 39 female, 11 
male paratypes same data as holotype (in 
Illinois Natural History Survey, Universi- 
ty of Illinois and USNM). 

Host.—Cells of Eulaema meriana (nest de- 

posited at the Illinois Natural History Sur- 
vey, University of Illinois). 
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Distribution.—Known only from the 
type locality in Ecuador. It is the fifth spe- 
cies reported from this country (Boucek 
1974a, b, Noyes 2001). 

Etymology.—The species name is de- 
rived from the latin pinna meaning “fin,” 
in reference to the distinctive finlike pro- 
podeal projection. 

Discussion.—This species would be 
placed in the cayennensis species-group as 
defined by Bouéek (1974a), with the ex- 
ception of one character, the ovipositor 
sheath length. Within New World Leucos- 
pis, the cayennensis species-group is 
unique in having the lower tooth of the 
mandible separated from the upper edge 
by a broad semicircular gap (Fig. 4). This 
group, composed of 8 species, is also de- 
fined by the following: the body has a 
slight metallic tinge, the pronotum is 
without a premarginal cross-carina, the 
propodeum is densely pilose, the sterna in 
males are broad and sculptured, and all 

species have a Central to South American 
distribution. In all respects, Leucospis pinna 
fits these criteria. It disagrees from other 
members of the group only in having ex- 
tremely short ovipositor sheaths (Fig. 14), 

which Bouéek (1974a) used, in part, to de- 

fine the texana species group. This latter 
group has a stout metafemur with 4-5 
long ventral teeth and a small basal tooth. 
All remaining New World Leucospis, in- 

cluding the cayennensis species group, 
have the metafemur with a broad basal 
tooth followed by 7 or more small teeth 
(Fig. 8). 

Although Bouéek’s key to world leucos- 
pid species (1974a; supplemented by a 
modified key in 1974b) is a comprehensive 

monograph, the discovery of a new spe- 

cies that somewhat alters or modifies a 
species-group concept suggests that addi- 
tional such cases are probable. It is likely 
that species groups may even change com- 
position and definition depending on new 
species certainly awaiting discovery. For 
this reason, and because of the autapo- 

morphy discussed below, we outline the 
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Figs. 3-11. Leucospis species, females. 3-8. Leucospis pinna. 3, Head. 4, Lower face, clypeus, and mandibles. 

5, Propodeum, side view (with partial aspects of scutellum, metanotum, metapleuron, metacoxa, and apical 
metasoma). 6, Antenna, lateral. 7, Scape, ventral. 8, Metaleg, insets show example of sculpture on coxa and 

metafemur: a = punctures in lateral view; b = punctures viewed at oblique angle; c = punctures in lateral 

view; dotted lines on femur denote color pattern. 9-11. Metatibia, apex, outer view. 9, Leucospis pinna, inset 

showing inner spur in side view. 10, L. cayennensis. 11, L. ignota. 
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Figs. 12-17. Leucospis pinna. 12-14. Female. 12, Wing, dorsal view, stipling denotes color pattern. 13, Meta- 

soma, dorsal view. 14, Metasoma, lateral view. 15-17. 

Ventral view. 

major differences and distinctions of Leu- 

cospis pinna relative to Bouéek’s key and 
other species of the genus. 

Leucospis pinna does not precisely fit any 
of the couplets in Bouéek (1974) and splits 

Male, metasoma. 15, Lateral view. 16, Dorsal view. 17, 

the first couplet by having the ovipositor 

sheaths as described for the fexana species- 

group (i.e., barely exserted) but the meta- 

femur as described for all the remaining 
species of Leucospis. Ignoring the oviposi- 
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tor, Leucospis pinna then keys directly to 
the cayennensis species-group by virtue of 
all the characters mentioned above. With- 
in the group, L. pinna will key positively 
only through the first species-group cou- 
plet (Boucek 1974a, couplet 6) separating 

it from L. cayennensis Westwood and L. 
mexicana Walker on the basis of the de- 
pression of the metacoxa being punctate 
(polished and smooth in the latter two 
species). Leucospis pinna splits couplet 7 by 
having a combination of characters. It dif- 
fers from L. metatibialis Boucek in having 
a heavily setose dorsellum (as in L. meta- 

tibialis), but it is convex not flat, as in L. 

metatibialis. It differs also in having the 
metatibia densely punctured (sparsely so 
in L. metatibialis), and the short ovipositor 

(reaching metasomal tergum 2 in L. meta- 

tibialis). In couplet 8a (Bouéek 1974b) L. 

pinna differs from L. genalis Bouéek and L. 
leptomera Bouéek in the broad metafemur 
(narrow in L. genalis and L. leptomera) and 

in having metasomal tergum 2, in dorsal 

view, narrower in width than the remain- 

der of the metasoma (subequal in width 

in L. genalis and L. leptomera) but agrees in 
the malar space greater than two-thirds 
the length of the scape (one-half or less in 

other species of the cayennensis species- 

group). If Leucospis pinna is taken further 
in the key, it would stop at couplet 9 
based on the densely setose and _ finely 
punctate propodeum, which it shares with 
L. ignota Walker. It differs from this latter 
species, however, in the convex dorsellum 
(flattened and lamellate in L. ignota) as 

well as the barely exserted ovipositor 
(reaching nearly one-third distance to pro- 
podeum in L. ignota). 

Leucospis pinna is well-defined based 
upon an autapomorphy of the propo- 
deum, namely an expansion of the median 

carina into an asymmetric, thin, hook-like 
lamella (Fig. 5). No other member of the 

cayennensis species-group (and apparently 
no other described species) has such a pro- 
nounced median propodeal carina. In a 
few New World members of the speifera 
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species-group the propodeum has a me- 
dian, slightly raised keel, which takes the 
form of a thickened, gradual arch the 
length of the propodeum. 

Another character that aids in the rec- 

ognition of this species is the structure of 
the metatibial spurs. In L. pinna they are 
elongate (nearly 0.8 length of tibial 

apex), with the outer spur distinctly artic- 

ulated basally, curved, and sharply point- 
ed apically, and the inner spur somewhat 

flattened, and curved with a tuft of setae 

at the apex (Fig. 9). Within the cayennensis 

species-group, species have the spurs rel- 
atively short and stout (Figs. 10, 11; less 

than 0.5 tibial apex). The apex of the out- 
er spur may be bluntly chisel-shaped (Fig. 
10) or sharp (Fig. 11), and in some cases 

they may appear to have no basal articu- 

lation (Fig. 11). 

Biology.—Leucospis pinna is the ninth 
species known for the cayennensis species- 
group, within which only L. cayennensis 
has had positive biological associations. 
These associations have all been exclusive- 
ly with the genus Centris (Hymenoptera: 
Apinae), including C. tarsata Smith (Fritz 

and Genise 1980, Chandler et al. 1985), C. 

bicornuta Mocsary, C. nitida F. Smith. C. 

analis F., and C. vittata Lepeletier (Coop- 

erband et al. 1999, Vieira de Jesus and 

Garofalo 2000). Bouéek (1974a) stated that 

L. ignota (Walker) was collected at adobe 

walls ‘presumably at the nesting sites of 
host bees.” Other than these sketchy re- 
ports, little is known about the biology of 
other members of the cayennensis species- 

group. 
Leucospis pinna was collected from a sin- 

gle nest of E. meriana. As described by 

Cameron and Ramirez (in press), a total of 

51 individuals emerged from only 2 cells 
(28 from one cell, 23 from another). Thus, 

there is no doubt about the gregarious na- 
ture of this species. The sex ratio was 
highly female-skewed within each cell, 
with only 6 males emerging from the first 
cell and 5 from the second, respectively. 
Further study is required to determine 
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whether gregarious adult emergence is a 
derived state or the ancestral condition 
within Leucospidae. 

Mimicry.—Leucospis pinna resembles L. 
egaia Walker and L. latifrons Schletterer at 
least superficially in both color and size. 
Both of these are said to mimic Polybia oc- 
cidentalis (Olivier) (Hanson 1995) as might 

L. pinna (Chris Starr, pers. comm.). As has 

been pointed out by Boucek (1974a), Leu- 
cospis species appear to mimic taxa having 
no apparent relationship to the hosts upon 

which they oviposit. 

ACKNOWLEDGMENTS 

We thank Prof. Ayres Menezes (Universidade Es- 

tadula de Londrina, Londrina, Brazil) for sharing in- 

formation from his unpublished revision of Brazilian 

Leucospidae. Additionally we thank Ron Ochoa, Mi- 

chael Gates, and Dave Smith for reviewing the man- 

uscript, and Terry Nuhn and Linda Lawrence (all 

Systematic Entomology Laboratory, Beltsville, MD, 

and Washington, DC) for preparing Figures 1 and 2. 

We also thank Chris Starr (University of the West 

Indies, St. Augustine, Trinidad) for providing infor- 

mation on possible models for mimicry. 

LITERATURE CITED 

Boucek, Z. 1974a. A revision of the Leucospidae (Hy- 

menoptera: Chalcidoidea) of the world. Bulletin 

of the British Museum (Natural History) Entomolo- 

gy, Supplement 23: 1-241. 

Bouéek, Z. 1974b. Description of a new Leucopsis [sic] 

(Hymenoptera: Leucospidae) from Bolivia. Studia 

Entomologica 17: 430-432. 

Bouéek, Z. and T. C. Narendran. 1981. The Leucospis 

species of India and adjacent countries (Hyme- 

noptera: Leucospidae). Oriental Insects 15: 1-15. 

Cameron, S. A. and S. R. Ramirez. 2001. Nest archi- 

tecture and nesting ecology of the orchid bee Eu- 

laema meriana (Hymenoptera: Apinae: Euglossi- 

ni). Journal of the Kansas Entomological Society 74: 

142-165. 
Chandler, L., J. A. F. Barrigossi, and E. B. S. Diaz. 

1985. The first definitive host record for Leucospis 

JOURNAL OF HYMENOPTERA RESEARCH 

cayennensis Westwood (Hymenoptera: Leucospi- 

dae). Revista Ceres 32: 170-174. 

Clausen, C. P. 1940. Entomophagous Insects. McGraw 

Hill, Hew Yoirk, NY. 688 pgs. 

Cooperband, M. F., R. A. Wharton, G. W. Frankie, 

and S. B. Vinson. 1999. New host and distribu- 

tion records for Leucospis (Hymenoptera: Leucos- 

pidae) associated primarily with nests of Centris 
(Hymenoptera: Anthophoridee) in the dry for- 
ests of Costa Rica. Journal of Hymenoptera Research 

8: 154-164. 
Engel, M. S. 2002. The first leucospid wasp from the 

fossil record (Hymenoptera: Leucospidae). Jour- 

nal of Natural History 36: 435-441. 

Fabre, J. H. 1855. Observations sur les moeurs des 

Cerceris. Annales des Sciences Naturelles (Zoologie 

et Biologie Animale) 4: 129-150. 
Fritz, M. A. and J. A. Genise. 1980. Nota sobre nido 

de barro de Sphecidae (Hymenoptera) construc- 
tores, inquilinos, parasitoides, celptoparasitos y 
detritivoros. Revista de la Sociedad Entomologica 

Argentina 39: 67-81. 

Graenicher, S. 1906. The habits and life-history of Leu- 
cospis affinis (Say), a parasite of bees. Bulletin of 

the Wisconsin Natural History Society 4: 153-159. 

Habu, A. 1962. Fauna Japonica. Chalcididae, Leucospidae, 

and Podagrionidae (Insecta: Hymenoptera). Biogeo- 

graphical Society of Japan, Tokyo, Japan. 232 

pgs., + 19 plates. 
Habu, A. 1977. A new Leucospis species from the Ryu- 

kyus, Japan (Hymenoptera: Leucospidae). Ento- 

mological Review of Japan 30: 47-51. 
Hanson, P. 1995. Chapter 11.10 Leucospidae. Pages 

342-344. In, P. H. Hanson and I. D. Gauld (edi- 

tors), The Hymenoptera of Costa Rica. Oxford Uni- 
versity Press, Oxford, UK. 893 pgs. 

Malyshev, S. I. 1968. Genesis of the Hymenoptera, and 
the Phases of Their Evolution. Methuen & Co., Ltd., 
London. (English translation of 1966 edition, Iz- 

datelstvo ‘Nauka’, Moscow-Leningrad.) 

Naumann, I. D. 1981. A new species and additional 

records of Leucospis Fabricius (Hymenoptera: 
Leucospidae) from Australia. Journal of the Aus- 
tralian Entomological Society 20: 223-228. 

Noyes, J. S. 2001. Interactive Catalogue of World Chal- 
cidoidea (2001—second edition). CDrom. Taxapad 
and The Natural History Museum, London. 

Vieira de Jesus, B. M. and C. A. Garofalo. 2000. Nest- 

ing behaviour of Centris (Heterocentris) analis (Fa- 

bricius) in southeastern Brazil (Hymenoptera, 

Apidae, Centridini). Apidologie 31: 503-515. 



J. HYM. RES. 
Vol. 11(2), 2002, pp. 279-311 

A Revision of Bootania Dalla Torre and Recognition of 
Macrodasyceras Kamijo (Hymenoptera: Torymidae) 

E. E. GRISSELL AND C. A. DESJARDINS 

(EEG) USDA, Agricultural Research Service, PSI, Systematic Entomology Laboratory, 
c/o National Museum of Natural History, Washington, DC 20560-0168, USA, email: 

egrissel@sel.barc.usda.gov; (CD) Department of Entomology, University of Maryland, 

College Park, Maryland, 20742-0001, USA, email: desjar@wam.umd.edu 

Abstract—The genus Bootania Dalla Torre is revised and the genus Macrodasyceras Kamijo is 

removed from synonymy with it and returned to generic rank (revised status). Species included 
in Bootania are: gigantea (Girault), leucospoides (Walker), maxima (Strand), neocaledonica (Milliron), 

pilicornis (Cameron), ruficeps (Cameron), solomonensis (Milliron), and titanus (Girault). Species re- 

moved from Bootania to the genus Macrodasyceras are hirsutum Kamijo and japonicus (Ashmead) 

(both revised combinations). In this paper, redescriptions are given for the 8 known species of 

Bootania, and 4 new species are described: orba Desjardins and Grissell, moorea Desjardins and 

Grissell, fascia Grissell and Desjardins, and xestos Grissell and Desjardins. A lectotype is des- 

ignated for B. gigantea. The holotype of B. neocaledonica is reported missing. An illustrated key is 

given for all species. Seven of the 12 known species have been reared from seeds of Pandanus and 
1 was collected on Pandanus. Although hosts are unknown for the other 4 species it is likely that 

they are associated with the same host plant. Species of Bootania are Australasian, ranging from 

Bhutan, Burma, and Sri Lanka in the northwest, eastward to Republic of China and southward 

through Borneo/Sarawak, the Solomons, Papua New Guinea, New Caledonia, Fiji, Moorea, and 

northeastern Australia. 

Species of Bootania Dalla Torre are gi- 
ants among the Chalcidoidea, ranging up 

to 4.5 cm in length including the greatly 
exserted ovipositor (Fig. A). Since its rec- 

ognition in 1862 (as Metamorpha Walker), 

eight species of Bootania have been de- 
scribed, four of which are phytophagous 
in seeds of Pandanus S. Parkinson (Pan- 

danaceae) and four of which have no 

known host. Currently recognized species 

include: gigantea (Girault), leucospoides 

(Walker), maxima (Strand), neocaledonica 

(Milliron), pilicornis (Cameron), ruficeps 

(Cameron), solomonensis (Milliron), and ti- 

tanus (Girault) (Grissell 1999). These spe- 

cies are Australasian in distribution, rang- 

ing from Bhutan, Burma, and Sri Lanka in 

the northwest, eastward to Republic of 
China and southward through Borneo/Sa- 

rawak, the Solomons, Papua New Guinea, 

New Caledonia, Fiji, Moorea, and north- 

eastern Australia. 

In this paper we redescribe all valid 

species of Bootania, describe 4 new ones (3 

reared from Pandanus), provide an illus- 

trated key for their identification, and 

summarize all known host and distribu- 

tion data. Two additional species trans- 

ferred to Bootania by Bouéek (1988) are re- 

instated to their original genus, Macroda- 

syceras Kamijo, as explained below. 

Seven of the 12 known species of Boo- 
tania have been reared from Pandanus, and 

it is likely that these wasps are restricted 

to seeds of this host plant. Pandanus has 

well over 700 described species that are 

widespread from ‘’Africa to Asia and var- 

ious archipelagos in the Pacific’ (Stone et 

al. 1998). Several species of Pandanus, in- 

cluding the Tahitian screwpine (Pandanus 



280 

Fig. A. Bootania maxima, female, habitus. 

tectorius Parkinson ex Zucc.), have been 

introduced into Hawaii and Puerto Rico 
(USDA, NRCS 1999), and evidence sug- 

gests that Bootania orba (see below) has 
been transported as well (specimens from 
“Malaysia” found at a San Francisco port 
of entry in 1970). Whether or not any Boo- 

tania species have been transported and 
established in other areas is unknown, but 
it is likely that Pandanus has been moved 
around various Pacific islands for centu- 

ries. They are of great economic impor- 
tance to inhabitants of the region, provid- 
ing edible leaves, fruits, seeds, spices, and 
fiber for baskets, roofing materials, and 
various domestic articles (California Rare 

Fruit Growers 1989, Stone et al. 1998). 

Because there are so many species of 
Pandanus, because they are so widespread, 
and because each of the 12 known Bootantia 

species comes from a widely divergent 
geographic area within the Australasian 
realm, it is likely that many species of Boo- 
tania remain to be discovered. This paper 
serves as a preliminary step in under- 
standing the morphology, taxonomy, and 

host range of this group of wasps. No bi- 
ological details are known for these large, 

widespread seed-feeders, except for indi- 
vidual host records. 

The following abbreviations are used 
for institutions cited in the text: ANIC— 
Australian National Insect Collection, 
Canberra; BMNH—The Museum of Nat- 
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ural History, London; QM—Queensland 

Museum, Brisbane; UQ—University of 
Queensland, Brisbane; USNM—National 

Museum of Natural History, Washington, 

DC; ZMB—Zoologisches Museum, Berlin. 

We use the abbreviations Fl, F2, etc. for 

funicle segment 1, 2, etc. In the descrip- 
tions, “body” refers to the mesosoma + 
metasoma and excludes the head. 

Bootania Dalla Torre 

Metamorpha Walker 1862:346. Type species: Me- 

tamorpha leucospoides Walker (monotypic). 

Bootania Dalla Torre 1897:86. Replacement 

name for Metamorpha Walker preoccupied by 
Metamorpha Hiibner 1819:43 (Lepidoptera: 

Nymphalidae). 

Spilomegastigmus Cameron 1905:73-74. Type 

species: Spilomegastigmus ruficeps Cameron 
(monotypic). 

Eutanycormus Cameron 1909:209-210. Type spe- 

cies: Eutanycormus pilicornis Cameron (mono- 

typic). 

Pulvilligera Strand 1911:59. Type species: Pulvil- 

ligera maxima Strand (original designation). 

Of the above generic names, Dalla Torre 

(1897) provided a replacement name for 

Metamorpha of Htibner (1819), Bouéek 
(1988:127) synonymized Spilomegastigmus 
and Eutanycormus, and Riek (in Kamijo 

1962:36) synonymized Pulvilligera. We 
have studied the type species of each of 

these generic names, and agree with their 

synonymy. 
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Boucek (1988) synonymized Macrodasy- 

ceras Kamijo (1962) [type species: Mega- 
stigmus japonicus Ashmead, USNM, ex- 
amined] with Bootania, but the reasons for 

doing so were not clear, and in any case 
we do not agree with this placement. In 
proposing the synonymy, Boucek first 

stated that ‘““Kamijo [1962] used the length 
of the postmarginal vein (longer than mar- 
ginal) for separation of Macrodasyceras 
from Megastigmus (at most as long as mar- 
ginal).”” This is actually the reverse of 
what Kamijo said for Macrodasyceras 
(“Marginal vein distinctly longer than 

postmarginal’’) and Megastigmus (‘’Mar- 
ginal vein as long as or shorter than post- 
marginal’’). Additionally Boucek stated 

that “’.. . in Australian species of Megastig- 
mus the postmarginal vein is also much 
longer than the marginal,” thus agreeing 

in principal with Kamijo’s characterization 
of Megastigmus. Boucek’s argument, in 
fact, gives no reason to synonymize Ma- 
crodasyceras with Bootania, but rather to 
separate Macrodasyceras from Megastigmus. 

Bouéek (1988) also stated that Macroda- 

syceras and Megastigmus “’.. . differ greatly 
in the male antennae.” It is possible that 
the name Megastigmus was a mistake for 
Bootania, and that the point Bouéek (1988) 

was making was that males of Bootania + 
Macrodasyceras both have whorled setae 
on funicle segments 1-7, and thus the lat- 

ter should be synonymized with the for- 
mer. Boucek (1988) gave no other reasons 

for the synonymy. 
The recognition of Macrodasyceras, Me- 

gastigmus, and Bootania poses a difficult 
question of generic limits. Kamijo (1962), 
in his key to Japanese genera of Megastig- 
minae, differentiated his new genus Ma- 
crodasyceras from Megastigmus with the 
following diagnostic characters: ‘‘marginal 
vein distinctly longer than postmarginal,”’ 
“antennae inserted much above middle of 
face,” with “scape extending beyond level 
of medial ocellus,” “‘gaster of female with 

petiole more or less distinct,” ‘‘first to 
fourth tergites deeply incised at apex,” 
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and funicle of male with “sparse, out- 
standing hairs which are as long as the fu- 
nicle segment.” We have compared these 
characters and others for Macrodasyceras, 
Megastigmus, and Bootania, and conclude 
that two of the synapomorphies given by 
Kamijo supports recognition of Macroda- 
syceras: the relatively short postmarginal 
vein (shorter than marginal), and the pet- 
iolate metasoma. These characters are not 
yet known in Megastigmus or Bootania. Ad- 
ditionally, Macrodasyceras are tiny wasps 
(less than 0.5 cm) reared from seeds of Ilex 

(Aquifoliaceae), whereas Bootania are huge 

wasps by comparison (2 cm and over) 

reared from seeds of Pandanus. Because of 
the morphological and biological differ- 
ences, we remove Macrodasyceras from 
synonymy with Bootania, and return it to 
its original generic position (revised status). 
The only included species are hirsutum 
Kamijo and japonicus (Ashmead) (revised 
combinations), both of which are known 

from Japan (Ashmead 1904, Kamijo 1962, 
1981 [key]). 

The recognition of Bootania is actually 
more difficult to justify than that of Ma- 
crodasyceras. At first glance, species of Boo- 
tania appear distinct based (in part) upon 
their gigantic size, their exceptionally long 

postmarginal vein, the well-developed, 
heavily pigmented basal vein (Figs. 45, 

46), and the male antenna with elongate 

funiculars from which arise erect or semi- 

erect setae longer than the width of the 
funicle (Fig. 38¢). Unfortunately all but 
the last of these morphological characters 
may also be found in Megastigmus, espe- 
cially large species such as M. albifrons 
(Walker). 

In Boucéek’s (1988) key to Australian 
genera of Torymidae, he used the follow- 
ing diagnostic characters to separate Boo- 

tania from Megastigmus: scape “‘slightly to 
considerably exceeding the vertex level,” 
pronotum of female ‘‘dorsally long and 

flat," and male funicle “with long hairs ar- 
ranged more or less in 2 whorls on each 
segment.” Because of integradation, the 
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use of the scape either in relation to its 

placement on the face, its length relative 

to the eye, or its length relative to the ver- 

tex has proven of no diagnostic value 
when comparing Bootania to Megastigmus. 

The longer-than-wide, parallel-sided 
pronotum appears to be diagnostic for 
Bootania (in Megastigmus it is generally 
wider than long, but in some species it is 
longer than wide), but we have not ex- 

amined all known Megastigmus to confirm 

this. We have found in Bootania that the 

metabasitarsis is exceptionally long (gen- 

erally equaling tarsomeres 2—5 combined), 
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and this may be diagnostic as well, 

though, again, this character needs to be 
compared to all 126 known species of Me- 

gastigmus. The male antenna is currently 
the only synapomorphy that clearly de- 

fines Bootania. Additionally, the unique 

plant host family (Pandanaceae) implies 

some degree of isolation from other spe- 

cies of Megastigmus (Grissell 1999). It is 
possible that Bootania will be found at 

most to be a species group of Megastigmus, 

but we retain the generic name until such 

time as the entire subfamily can be re- 

vised. 

KEY TO SPECIES OF BOOTANIA DALLA TORRE 

[This key is based largely on characters found in the females; males are unknown for 5 species as indicated 

below. The female of pilicoritis, however, is essentially unknown so emphasis must be placed on the male of 

that species in comparison to others. In all species, dimorphism is expressed in males by the forewing being 

relatively more setose than in females and generally having the stigma wider and shorter (cf. Pigs. 13, 15- 

1723).] 
1. Spiracle (Fig. 31) unique, set deeply within chamber encircled by lamelliform translucent 

rim (outwardly, rim appears to be enlarged spiracle); scrobal depression (Fig. 25) wider 

than parascrobal area; body mostly black, with few markings, dorsoventrally compressed, 
and almost entirely Smooth (6 UNKNOWN) 22.1408 i< ok aca e et dea ad oe oe eee ase 

12. xestos Grissell and Desjardins, new species 

Spiracle (Fig. 33) normal, set at surface of propodeum; scrobal depression (Figs. 23, 24, 

26, 27) narrower than parascrobal area; body entirely yellow to orange brown, if ap- 
proaching dark brown to black then body patterned (Figs. 4, 5, 6), laterally compressed, 

and) at least-=cutun transversely Canmnate. «,4 + Soncn tetuueeh eta eG aes eee tee es 2 

2. Propodeum (Fig. 32) with subcircular median area defined by semicircular submedian 

carinae curving to nucha; encircled area acarinate, either polished or reticulate ......... 3 

Propodeum (Figs. 33-37) without sub-circular median area, submedian carinae either ab- 

sent, not reaching nucha (Fig. 34) or projecting straight to nucha (Fig. 37); medially irreg- 

larlyecammare (Exeeat ODFEd, FIP. OA) ont oats 4 thom ea bene ae eee eee oe 4 

3. Nucha a distinct, parallel sided band (as in Fig. 36); propodeum medially reticulate; basal 

cell asetose (Fig. 45); stigma evenly surrounded by narrow brown stain, cubital and me- 

dial setal lines stained brown (Fig. 45) (¢ unknown) ................ 11. titanus Girault 

Nucha indistinct (Fig. 32); propodeum medially smooth; basal cell setose medially (Fig. 

46); stigma with posteriorly elongated stain (Figs. 22, 46), remainder of wing hyaline (d 

BATE) hs, tre aS vce acelpe meena oe ea hase’ Sl gna ce A gg ee ea ene 9. ruficeps Walker 

4. Interantennal area a raised lamelliform carina ending less than halfway to mid ocellus 

EZ! Wes 0° rude oh Bg tT Dene ee RRs te. ~Lareth e Rea ett Scent lee aI ue eee 5 

Interantennal area a raised lamelliform carina reaching almost to mid ocellus (Fig. 26), 

though it may be less developed in mid- to upper half (Fig. 28) ...................0. 8 

5. Tarsal claws bifurcate (Fig. 44); ventral margin of stigma concave (Fig. 14); female: stigmal 

vein shorter than stigmal width (Fig. 142) .....................3. leucospoides Walker 

Tarsal claws simple (Fig. 43); ventral margin of stigma convex (Figs. 15-21); female: stig- 

mal vein as long as or longer than stigmal width (Figs. 15-17, 19-222) ............... 6 

6. Head in dorsal view (Fig. 23) with facial setae longer than greatest midocellus diameter 

and reaching (or nearly) inner eye margin (i.e., upper face without wide, bare area be- 
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10. 

alult 

tween setae and inner eye margin); stigmal area entirely setose (Fig. 152) ........... 

10. solomonensis Milliron 
Head in dorsal view (Fig. 24) with facial setae shorter than greatest midocellus diameter 

and obviously not reaching inner eye margin (i.e., upper face with wide, bare area be- 

tween setae and inner eye margin); stigmal area partially (Fig. 20) to completely (Fig. 17) 
bare 

Median carina of propodeum (Fig. 37) bifurcating to form submedian carinae that reach 

straight to nucha; no transverse carinae medially; stigmal bare in anterior half (Fig. 20) 

(gd unknown) ........................ 5. moorea Desjardins and Grissell, new species 

Median carina of propodeum (Fig. 34) bifurcating and diverging widely toward postspi- 

racular sulcus, not reaching nucha; several transverse median carinae present; stigmal 
area completely bare (Fig. 17) 6. neocaledonica Milliron 

Head (Fig. 28) with carinae extending from lower face at most to toruli; scrobal depression 

without lateral carinae (Fig. 28) 

Head (Fig. 26) with carinae extending from lower face nearly to venter of lateral ocelli; 

scrobal depression with well-developed lateral carinae that extend to midocellus (Figs. 
PO 80) Sei eRe NOS aCe ad Seckg Bens de eeicne LESS wee eis ones Queue 9 

Parapsidal line present (Fig. 9, 10); pronotum with transverse carinae nearly as well- 

developed as on mid lobe of scutum (Fig. 3); nucha a broad, distinct band anteriorly well 
defined (Figs. 35) 

Parapsidal line absent; pronotum with transverse carinae obscure, less well-developed 

than on mid lobe of scutum; nucha poorly defined, essentially absent (Fig. 33) 

Propodeum with median carina (Fig. 36); dorsum of head posteriorly with continuous 

dark band (Fig. 1); uncus at least 3 as long as wide (Fig. 192) (d unknown) 

PS RO RIE a ck Be eh alee ait cae Ga Ns Ries Ns 1. fascia Grissell and Desjardins, new species 

Propodeum without median carina (Fig. 35); dorsum of head posteriorly with 3 distinct 

dark spots (Fig. 2); uncus about as long as wide (Fig. 16) 4. maxima Strand 

Female and male: frenal line distinct, scutellum anteriorly with effaced longitudinal ca- 

rinae, apical lamella distinctly pitted (Fig. 11); pronotum evenly faintly transversely car- 

inate; male stigma about as wide as high, surrounded by brown stain (Fig. 13¢) 

ee ek fae Mae She nett CRs Se ary atone S 7. orba Desjardins and Grissell, new species 

Male (female states unknown, presumed same as male): frenal line absent, scutellum 

entirely polished, apical lamella faintly pitted (Fig. 12); pronotum smooth with few faint 

apical carinae; stigma as high as wide with no surrounding brown stain (Fig. 18¢) 

8. pilicornis Walker 

ii 

1. Bootania fascia Grissell and 
Desjardins, new species 

Pies. 410). 19> 29, 36 

Female holotype-—Body length (exclud- 
ing Ovipositor) 11 mm; ovipositor length 
about 25 mm. Color: Yellowish orange 
with brown markings as follows (Fig. 1): 

narrow median stripe from clypeus to in- 

terantennal area; transverse band through 

ocelli to eye, transverse band across dor- 

sum of head posterior to lateral ocelli, me- 

dially reaching occipital carina; pronotum 
with median and lateral longitudinal 
stripes; midlobe of mesoscutum with me- 

dian longitudinal stripe; lateral lobe of 

mesoscutum with median longitudinal 

stripe; notaulus; scutellum with median 
longitudinal stripe extending from apical 

margin to frenal line and narrowly to pos- 

terior of frenal area; lateral panel of axilla 
posteriorly; femoral depression and trans- 

epimeral sulcus; propodeum medially ex- 

cept for submedian yellow spots; base of 
metasomal tergum 2 medially and later- 

ally, 3-5 mostly brown with yellow center 

(other terga not visible). Head: Wider than 

high (8:7); in dorsal view with facial setae 

longer than greatest midocellus diameter 
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1. fascia @ 2. maxima °? 3. maxima @ 

5. titanus & 6. leucospidoides & 7. orba & 

Yr 

“ 
e] — 
i \\ Wy, 

A B tlauubike 
11. orba 

9. maxima 10. fascia 12. pilicornis 

Figs. 1-12. Bootania spp. 1-8, Color pattern, except 3, sculpture pattern (all dorsal view, diagrammatic). 9— 

10, Lateral lobe of scutum, A lateral view (arrow points to parapsidal line), B dorsal view. 11-12, 

Scutellum (dorsal view). 



VOLUME 11, NUMBER 2, 2002 

and reaching (or nearly) inner eye margin 

(i.e., upper face without wide, bare area 
between setae and inner eye margin) (as 

in Fig. 23); upper face bulging slightly; 

face with carinae extending from lower 
margin (excluding clypeus) to venter of 
lateral ocelli; genal and postgenal areas 
smooth, scrobal depression faintly striate 
except obviously carinate below median 

ocellus; scrobal depression narrower than 

upper face (i.e., distance from lateral mar- 
gin of depression to eye); scrobal depres- 
sion laterally with nearly parallel carinae 

that converge on midocellus ventrally and 

laterally (Fig. 29); midocellus not distinctly 
in scrobal depression); malar sulcus com- 

plete and obvious; intermalar distance 

about 3.0* malar distance; toruli slightly 

higher than wide, about 1.5 own diam- 

eter above ventral eye margin, separated 

from each other by % shortest torulus di- 

ameter; interantennal area with raised la- 

melliform carina extending within ocellus 

diameter of venter of midocellus; scape 
about 0.8 eye height, laterally com- 

pressed; ratio of scape: pedicel: anellus: 
F1:F2 as 22:5:1:12:13; anellus wider than 

long; F1—2 as wide as pedicel, Fl about 43 

as long as wide, each segment becoming 
shorter to F7 2 as long as wide, covered 

with appressed, dense, bristles, none lon- 

ger than width of segment; clava about 

0.9 length of F6+7; ratio of ocellocular: 
postocellar: mid-to-lateral ocellus dis- 
tance: lateral ocellus diameter about 16:14: 

5:12; frontovertex and transverse area be- 

hind ocelli slightly swollen (more pro- 
nounced posterolaterally); lateral ocelli 

slightly elevated medially, sitting in de- 
pression between frontovertex and trans- 
verse area, posteriorly margined by cari- 
na; wide furrow extending from lateral 

ocellus to eye outlined anteriorly by swol- 
len frontovertex and posteriorly by pos- 
terolateral swellings (Fig. 29). Mesosoma: 

Pronotum with strong, transverse carinae, 

laterally smooth, about as long as wide, in 
lateral view slightly longer than high; 
mid- and lateral lobes of mesoscutum 

nN oe) on 

with strong transverse carinae (similar to 
pronotum); notaulus deeply grooved, 

meeting transscutal articulation at point 
outside (laterad) scutoscutellar suture, no- 

taulus with transverse carinae delimiting 
shallow pits; side lobes with parapsidal 
line present, finely granulose, not extend- 
ing almost to apical margin (Fig. 10; sep- 
arated from apex by length at least longer 
than own narrowest width), interrupting 

transverse carinae; apical margin of scu- 

tellum essentially contiguous with trans- 
scutal articulation except a single median 
pit present; axillae with diagonally curv- 
ing carinae; scutellum dorsally flat, weak- 

ly transversely carinate anteriorly; frenal 
line absent but frenal area indicated by 
colored line and weak, longitudinal cari- 

nae; ratio scutellum length: frenum length 
about 2.5:1; scutellum posteriorly with 
grooved, pitted lamella; propodeum (Fig. 
36) with complete median carina; subme- 

dian carina arise from median carina, 

forming acute angle about % distance 
from metanotum, posteriorly joining inner 
margin of spiracular sulcus, area anterior 

to carina alveolate (resultant area is yel- 

low and may appear as rounded yellow 
circle); area posterior to carina partially al- 

veolate and partially nearly flat; spiracle 
about 0.5 own greatest length from api- 
cal edge of propodeum, about 2* own 
length from metapleuron, about 0.25% 

median length of propodeum; postspira- 
cular sulcus deep and traversed by 4 or 5 
strong carinae forming deep pits, inner 

(upper) edge carinate, forming a distinct 

ledge in lateral view; callus convex with 

long whitish setae set in irregular alveo- 
late depressions; nucha a_ parallel-sided 
curved strip, with fine, parallel striae; 

mesepisternum smooth; femoral depres- 

sion deep, well defined, with longitudinal 
carinae; transepimeral sulcus strongly de- 
fined from middle of epimeron to venter, 
entire epimeron longitudinally carinate; 
metapleuron with longitudinal carinae 
about as well developed as epimeron, pos- 
terior margin (abutting propodeum) de- 
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pressed in lower half with several longi- 
tudinal carinae creating deep pits; meta- 

tibial spurs (see Variation below); dorsal 

length (shortest) of metabasitarsus about 
0.8x length of tarsomeres 2-5; all tarsal 
claws simple (as in Fig. 43); forewing ratio 
of submarginal vein: basal vein: marginal 
vein: postmarginal vein about 16:3:5:11; 
costal cell dorsally without setae on apical 
anterior edge, ventrally densely setose in 
apical 42, basal cell and cubital vein ase- 
tose; petiolate segment of stigmal vein 
subequal to stigmal height, stigma height 
1.2X width (Fig. 19), ventral margin con- 

vex, uncus 3-5 as long as wide. Metaso- 

ma: Laterally compressed; ratio of meso- 
soma:metasoma:hypopygium about 11: 

L215, 

Male.—Unknown. 
Types.—Holotype 2 with following 

data: Jesselton, North Borneo [= Kota Kin- 

abalu, Sabah, Malaysia], K. L. Leong, 18 

May 1959, “‘on pandan” (deposited in 
BMNH); 2 2 paratypes, same data as ho- 
lotype (BMNH, USNM). 

Variation.—The three females are essen- 
tially identical. The holotype has the right 
leg missing beyond the femur and the 
right shorter metatibial spur is missing. 
On the other specimens this spur is about 
0.5 the longer spur. 
Etymology.—From the Latin “‘fascia’’ 

meaning stripe or band in reference to the 
stripe on the posterior of the head. 

Distribution.—Known only from Malay- 
sia (Sabah). 

Host.—The type specimens were collect- 
ed on “‘pandan” (presumably Pandanus). 

Discussion.—This species appears nearly 
identical to B. maxima. It shares the facial 
carinae reaching or nearly reaching the 
lateral ocellus, the swollen frontovertex, 

the median ocellus set within (or nearly) 
the scrobal depression, the lateral ocelli set 
in slightly depressed areas which extend 
to the eye, the presence of distinct parap- 
sidal lines, the strong transverse carinae 
on the dorsum of the pronotum and me- 
soscutum, and the relatively small, nearly 
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circular stigma. It differs in the following 
respects: the propodeum has a median ca- 
rina (Fig. 36) (absent in maxima, Fig. 35); 

the sculpturing of the parapsidal line in 
dorsal view does not reach as far forward 
towards the anterior margin of the side- 
lobe (Fig. 10B) (in maxima the parapsidal 

line nearly touches the anterior margin, 

Fig. 9B); the dorsum of the head has a con- 

tinuous band of black (or dark brown) ex- 

tending across its posterior margin (Fig. 1) 
(in maxima there are 3 distinct spots, Fig. 

2); the lateral ocelli are slightly raised and 
are set in a depressed area formed by the 
swollen frontovertex and posterior dor- 
sum of head, they are outlined posteriorly 
by a distinct carina, and the furrow to the 
eye is wide and flat (Fig. 29) (in maxima 
the lateral ocelli are not raised above the 
surface but are set in a nearly flat plane 
that reaches to the occipital carina [raised 

swellings are present posterolaterad but 
not medially], there is no posterior carina, 

and the furrow to the eye is narrow, Fig. 
30); the lateral carinae of the scrobal de- 

pression reach only the base or sides of the 
midocellus (Fig. 29) (in maxima the lateral 
carinae reach the dorsum of the midocel- 
lus, Fig. 30); and the uncus is 3 or more 

times as long as wide (Fig. 19) (in maxima 

the uncus is scarcely longer than wide, 
Fie. 16%), 

2. Bootania gigantea (Girault) 
Figs. 28, 40, 43 

(@) Pulvilligera gigantea Girault 1928:3. Lectotype &°, 

herein designated to ensure nomenclatural 

stability, Townsville, N. Q[ueensland] [G. F. 

Hill] [Australia] (QM, examined; missing 

head, left forewing; double-mounted on min- 

utin and marked with E. E. Grissell identifi- 

cation label); 1 ¢d syntype, same data as 2 

(lost according to Dahms 1984). 

Bootania gigantea (Girault): Transferred by Riek 

1970:920. 

Female (lectotype and specimens from 
Round Hill Head, see below).—Body 
length (excluding ovipositor) about 12 to 
15 mm; ovipositor length about 20 to 25 
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ees 18. pilicornis 
19. fascia 

17. neocaledonica 

21. xestos ee 

20. nora 
22. ruficeps 

Figs. 13-22. Bootania spp. Right forewing, stigmal region, dorsal view (setae not shown except Figs. 15, 17, 

and 20). Stigmal stain indicated by dotted line. 

mm. Color; All yellow to yellow with fol- mesepisternum; metanotum laterad of 

lowing areas pale reddish brown: prono- dorsellum; metapleuron; darker reddish 

tum laterally; lateral lobe of mesoscutum brown areas are: lower margin of face (in- 

including notaulus; axillae; prepectus; cluding gena), propodeum,; dark brown 
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are: funicle + clava, submarginal and stig- 

mal veins, ovipositor sheath. Head: Barely 
wider than high; upper face swollen (Fig. 
28); in dorsal view with facial setae shorter 

than greatest midocellus diameter and ob- 

viously not reaching inner eye margin 
(i.e., upper face with wide, bare area be- 

tween setae and inner eye margin) (as in 
Fig. 24); face with carinae radiating from 
lower margin (excluding clypeus) to ven- 
ter of toruli; genal area, postgenal area, 
and upper face smooth to finely reticulate; 

scrobal depression narrower than upper 
face (i.e., distance from lateral margin of 

depression to eye) (Fig. 28); scrobe in ven- 

tral half obscurely laterally carinate, cari- 
nae absent medially, several obscure cari- 

nae converge on midocellus ventrally and 

dorsally (Fig. 28; it is not clear if midocel- 

lus is in scrobal depression or not); malar 

sulcus present; intermalar distance about 
2.0 malar distance; toruli as high as 
wide, venter about own diameter above 

ventral eye margin, separated from each 
other by about % torulus diameter, inter- 

antennal area a rounded lamelliform ca- 

rina that continues as distinct but barely 
raised carina to venter of midocellus; 

scape about 0.9 eye height, laterally 
compressed; ratio of scape: pedicel : anel- 
lus:FI:F2 about 4:1:0.2:1-5:1.5 (Fig. 40); 

anellus wider than long; Fl-2 scarcely 

wider than pedicel, F1-5 each about 2 as 

long as wide, F6-7 each about 1.5 as 

long as wide, covered with appressed, 
dense bristles, each shorter than width of 

segment; clava shorter in length than 
F6+7; ratio of ocellocular: postocellar : 

mid-to-lateral ocellus distance: lateral 

ocellus diameter about 1.5:1:0.5:0.8. Meso- 

soma: Pronotum dorsally with transverse 

carinae, laterally smooth, in dorsal view 

slightly wider than long, in lateral view, 

slightly longer than high; mid- and lateral 
lobes of mesoscutum with transverse ca- 

rinae (much closer together than on pro- 
notum); notaulus deeply grooved, meet- 

ing transscutal articulation at point out- 
side (laterad) scutoscutellar suture, notau- 
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lus with transverse carinae delimiting 

shallow pits; parapsidal line barely dis- 
cernible as depression, transverse carinae 
somewhat distorted in depression, but not 
interrupted by granulose sculpture; apical 
margin of scutellum widely contiguous 

with transscutal articulation; scutellum 

smooth, flat; frenal line absent; scutellum 

posteriorly with narrow lamella with nar- 

row, smooth groove; propodeum apically 

with median carina that diverges widely 

posteriorly and reaches postspiracular sul- 
cus (as in Fig. 34), medially with several 

parallel transverse carinae; spiracle about 
42 own greatest length from apical edge of 
propodeum, about 1.5 own length from 

metapleuron, about 4 median length of 

propodeum; postspiracular sulcus deep 
and traversed by 1 or 2 strong carinae 
forming deep pits; metanotum posterolat- 
erally lamellate, with longitudinal groove 
crossed by vertical carinae, deep pit lat- 

erad of dorsellum; dorsellum convex, 

smooth, not projecting; callus with few, 

long, whitish setae; nucha a narrow band, 

indicated laterally, indistinct medially; 

mesepisternum smooth to weakly reticu- 

late, femoral depression shallow weakly 

sculptured, transepimeral sulcus a weakly 

developed pit, posterior half of mesepi- 
meron with weak longitudinal carinae; 

metapleuron with well developed longi- 
tudinal carinae about as developed as on 

lateral margins of propodeum; dorsal 

length (shortest) of metabasitarsus about 

Y, length of tarsomeres 2-5; inner metati- 

bial spur slightly curved, about 3X as long 
as outer; tarsal claws simple (Fig. 43); fore- 

wing ratio of submarginal vein: basal 
vein, marginal vein: postmarginal vein as 

about 7:1.5:2:4; costal cell without setae 

dorsally, ventrally with several rows of se- 

tae at distal ¥, basal cell and cubital vein 

asetose; petiolate part of stigmal vein 
nearly 1.5x stigmal height, stigma height 
about 0.6 width, ventral margin convex, 

uncus longer than wide. Metasoma: Later- 
ally compressed; ratio of mesosoma : me- 

tasoma:hypopygium about 1:1:1. 
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Male (from Round Hill Head).—Body 

length about 10 to 12 mm. Similar in col- 
oration and sculpture to female, except 
base of metasoma and edges of some terga 
may be reddish brown. Ratio of scape: 
pedicelvanellus: FT: F2vabout 5:1:0.2:2:2, 

F1-7, each spindle-shaped, about 3x as 

long as wide, with 2 to 3 whorls of semi- 

erect setae as long as funicular segment; 
clava distinctly wider than funicle, slightly 
longer than F6+7, covered with short, ap- 

pressed setae (as in female); petiolate part 
of stigmal vein about 0.6 stigmal height, 

stigma about 2 as wide as high; meta- 
soma dorsoventrally compressed. 

Material examined.—In addition to the 
lectotype 2 we have seen the following 
material: 30 2, 29 3, Round Hill Head, 

Queensland, Australia, em. 10 Oct. to 7 

Nov. 1997 from Pandanus seeds coll. 7 
Sept. 1997, M. S. Upton (ANIC); 1 @, Eet 

Hill, vicinity Moa (Banks) Is., Torres Str., 

N. Qld, July 9-13 1977, G. B. Monteith and 

D. Cook (QM); 1 6, Coolum, 20-4-38, F. A. 
Perkins [Queensland] (UQ), 1 6, same 

data but 20-11-38 (ANIC); 1 2, Witsunday 

Is., N. Geary, Jan 1934 [Queensland] (QM); 

1 6, Brisbane, Queensland, 17-3-36, H. 

Hacker; 1 2, Caloundra, Queensland, 30- 

3-34, H. Hacker (ANIC). 
Distribution.—This species is known 

from a few localities in Queensland, Aus- 

tralia. Most are on the eastern coast near 

Brisbane, but one record is from the ex- 
treme northern tip of Queensland. 

Host.—The species was reared from 
Pandanus seeds. 

Discussion.—Dahms (1984) discussed 

the syntypes of which the male is missing. 
Bootania gigantea is easily distinguished 
from the other 2 known Australian species 
(i.e., titanus, xestos) by the all yellow dor- 

sum of the head (mostly black in titanus, 

all black in xestos). It differs from xestos in 

a number of additional characters (mostly 
autapomorphies for xestos) as outlined un- 
der that species. It is difficult to compare 
to tifanus because that species is known 
only from a badly broken single female 
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and all the facial and antennal characters 
are unknown. The prododea of the two 
differ as described in the key. Bootania gi- 
gantea differs from non-Australian species 
in having a combination of a complete la- 
melliform interantennal area, nearly 
smooth upper facial swellings, and lower 
face with carina extending to venter of the 
toruli (Fig. 28). 

3. Bootania leucospoides (Walker) 
Figs. 6, 14, 44 

Metamorpha leucospoides Walker 1862:347. Lec- 

totype °, ‘’Bootan”” (BMNH, designated by 

Boucek 1988:127, examined). [Missing are: 

left antenna beyond pedicel; right antenna 

beyond F2; right protarsus; left protarsus be- 

yond tarsomere 2; both metatarsi beyond tar- 

somere 2.| 

Metamorpha leucospidioidea: Rye 1874:362, incor- 

rect subsequent spelling. 

Bootania leucospoides: Transferred by Dalla Torre 

1897:86. 

Female lectotype-——Body length (exclud- 
ing ovipositor) 10 mm; ovipositor length 
21 mm. Color: Brownish yellow with fol- 

lowing areas black (Fig. 6): upper margin 

of clypeus, median stripe to toruli narrow- 

ing dorsally; scrobe; area around ocelli, 

line descending into scrobe; stripe from 

ocellar area to dorsoposterior corner of 
eye; band extending around ocelli poste- 

riorly to occipital foramen; pronotum in 

anterior half posteriorly branching into 2 
bands along dorsolateral margins and 

around lateral margins, with median 
stripe extending to scutum, midlobe of 

mesoscutum medially; notuali; lateral lobe 
of mesoscutum with dorsolateral longitu- 

dinal band; anteriolateral portion of axil- 

lae; scutellum medially branching into 

stripes that run along anterior margin of 

frenum, and diffuse medial stripe on fre- 

num; metanotum with spots laterad of 

dorsellum; propodeum dark reddish 
brown; femoral depression; venter of me- 

sonotum; mesopleuron; outer surface of 

metacoxa; metafemur completely; tergum 

1 mostly red-brown, terga 2-6 dark brown 
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Figs. 23-30. Bootania spp., heads. 23-25, Dorsal view. 26-28, Three-quarter dorsal view (27 showing inter- 

antennal area only). Arrow = interantennal carina. 29-30, Dorsal view, ocellar area only. 

, 

to black with off-white vertical band along with apparent brown stain in basal %, ex- 
anterior margin, widening ventrally; wing tending along vein track of cubital and 
veins dark brown, stigma surrounded by medial setal lines to margin of wing. Head: 
narrow brown band (Fig. 14 2), forewing Wider than high (4:3.5); upper face swol- 
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33. orba 

36. fascia 

Figs. 31-37. Bootania spp. Propodeum, dorsal view. 31, 33, Inset, enlargement showing spiracle. 
é o o 

len, finely reticulate; in dorsal view with 

facial setae shorter than greatest midocel- 
lus diameter and obviously not reaching 
inner eye margin (i.e., upper face with 

wide, bare area between setae and inner 

34. neocaledonica 

ee | \~ 
\ | 

Wi i =e 
vo 
37. moorea 

eye margin) (as in Fig. 24); face with faint 

carinae radiating from apical part of clyp- 
eus to venter of torulus; genal area, post- 
genal area, and area laterad lateral ocellus 
smooth; scrobal depression narrower than 
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upper face (i.e., distance from lateral mar- 

gin of depression to eye); scrobe carinate 
laterally, fading dorsally, not extending to 
midocellus (i.e., midocellus not in scrobal 

depression); carinae present from upper 

swelling to venter of lateral ocellus; malar 

sulcus present; toruli slightly higher than 
wide, venter about own long diameter 

above ventral eye margin, separated from 

each other by ™% torulus diameter, inter- 
antennal area a rounded lamelliform ca- 

rina not extending dorsad of toruli; inter- 
malar distance about 2.5 malar distance; 

scape 0.9 eye height, laterally com- 

pressed; ratio of scape: pedicel: anellus: 

Pl2F2 as °5:170(3:3:3; -anellus: as. long as 

wide, Fl, F2 as wide as pedicel [other 

measurements not taken], with appressed, 

dense, bristles, each less than width of 

segment; ratio of ocellocular: postocellar : 
mid-to-lateral ocellus distance: lateral 

ocellus diameter as 5:2:0.8:2; vertex slight- 
ly swollen, ocelli in slight depression, 
weak furrow extending from lateral ocel- 
lus to eye. Mesosoma: Pronotum dorsally 
and laterally smooth, without carinae, in 

dorsal view slightly wider than long, in 
lateral view, slightly longer than high; 

mid- and lateral lobes of mesoscutum 

smooth; notaulus deeply grooved, meet- 
ing transscutal articulation at same point 
as scutoscutellar suture, notaulus and scu- 

toscutellar groove with transverse carinae 

delimiting deep pits; parapsidal line ab- 
sent; apical edge of scutellum reaching 

transscutal articulation at median point, 
narrowly contiguous (i.e., appearing as 

acute angle) with deep pit on either side; 
scutellum smooth, flat, frenal line indis- 

tinct except at lateral edges (transverse 
translucent line indicates where frenal line 

would be if present), ratio scutellum 

length: frenum length about 3:1; scutellum 

posteriorly with wide lamella rimmed by 
distinct pits; propodeum with numerous 
irregular carinae, dorsally with single 
asymmetric median carina, laterally with 
irregular carina reaching to nucha and en- 
circling median area of anastomosing ca- 

JOURNAL OF HYMENOPTERA RESEARCH 

rinae; spiracle about 0.75 own greatest 

length from apical edge of propodeum, 
about 1.5 own length from metapleuron, 

about 0.25 median length of propo- 
deum; postspiracular sulcus deep and tra- 
versed by 1 or 2 strong carinae forming 
deep pits; dorsellum convex, smooth, 
slightly projecting which creates overhang 
with flat to slightly depressed surface; cal- 
lus with moderately dense, long, whitish 

setae; nucha a distinct raised band; mese- 

pisternum smooth; femoral depression 
deep with well-delimited transverse cari- 
nae; transepimeral sulcus well-developed, 

indicated by a deep depression with pits 
created by cross-carinae; mesepimeron 
and metapleuron with strong longitudinal 
carinae; metatibial spurs slightly curved, 

longer spur about 2 length of shorter 
spur; all claws bifurcate (Fig. 44); forewing 
ratio of submarginal vein: basal vein: mar- 

ginal vein: postmarginal vein as 6:1:2:6; 
costal cell without setae dorsally, ventrally 
with numerous setae along anterior mar- 
gin and distal 4%, basal cell with cluster of 

dorsal setae apically, cubital vein asetose; 
petiolate segment of stigmal vein about 
0.5x stigmal height, stigma height 0.5 

width (Fig. 149), uncus about 2X as long 

as wide; venter of stigma concave (Fig. 

149). Metasoma: Laterally compressed; ra- 
tio of mesosoma: metasoma : hypopygium 
about 1:1:1. 

Male (from Burma).—Body length 10.8 

mm. Similar to female except: metacoxa 
and metafemur yellowish brown;  off- 
white bands on tergites wider; no circles 
present on lateral margins of pronotum, 

only dorsolateral stripe; frenum entirely 
yellowish brown. F1-7 each spindle- 
shaped, about 7x as long as wide, with 

several whorls of semierect setae shorter 
than length of segment; clava distinctly 
wider than funicle [length not taken], with 

dense short appressed setae; metasoma 
dorsoventrally compressed. Stigma see 
Fig. 146. 

Variation.—The Burma specimens have 
setose eyes. This condition is not apparent 
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on the lectotype in which the setae may 
have broken off. 

Material examined.—Lectotype ?, Bootan 

(BMNH, designated by Boucek 1988); 1 2, 

1 6, Maymyo, Mandalay Dist., Burma, M. 
H. Desai Coll., 28.VH.1931 (BMNH, det. 

Ferriere). 

Distribution.—Specimens are known 

only from Bhutan and Burma. 

Host.—The species has been reared from 

Pandanus. 

Discussion.—Milliron (1949: 348) dis- 

cussed the nomenclature of this name and 

stated that leucospidioidea was incorrectly 
credited to Westwood (1874: 136) by Dalla 
Torre (1898: 315) when it should have 

been credited to Rye (1874: 362). Naren- 

dran (1994: 34-35, Figs. 26-29) redescribed 

the lectotype. According to Boucek (1988: 

127) the record for this species is question- 
ably Butung Island, southeast of Celebes. 

Narendran (1994) disagreed with this in- 

terpretation and so did Grissell (1999). Ac- 

cording to the Harper’s Gazetteer of the 

world (Smith 1855) Bootan (also spelled 

Bhotan) was the area that now corre- 

sponds to Bhutan. According to Boucek 
(1988: 127) the locality of Assam (India) 

given by Dalla Torre (1898: 315) is incor- 

rect. This locality was not given by Walker 

(1862), but Assam borders Bhutan on the 

south and east, and so should not be dis- 

missed outright. 

Bootania leucospoides is the only species 
known to have bifurcate claws (Fig. 44), 
and in both sexes the stigmal vein is some- 

what concave on the ventral margin (Fig. 
14). The female is especially distinct in 

having the stigma much wider than high 
(Fig. 142). 

4. Bootania maxima (Strand) 

Pies A, 219,92 10,.90, 30 

Pulvilligera maxima Strand 1911:59. 6 6 

types, Taihanroku, Formosa [Republic of 

China] [ZMB, 3 examined]. 

Bootania maxima: Transferred by Riek in Kamijo 

1962:36. 

syn- 

Female-—Body length (excluding ovi- 

293 

positor) 8 to 15 mm; ovipositor length 20 

to 30 mm. Color: Orange to brownish or- 

ange (or rarely yellow) with brown to 

black markings as follows (Fig. 2): narrow 

median stripe from clypeus to interanten- 

nal area; transverse stripe through ocelli to 

eye, spot posterolateral to lateral ocellus, 
spot posterior to median ocellus with 
stripe running to occipital foramen (Fig. 

16); irregular spot between eye and oral 
fossa at malar sulcus; postgenal area; 

pronotum with median and lateral longi- 
tudinal stripes; midlobe of mesoscutum 
with median dark brown longitudinal 

stripe; lateral lobe of mesoscutum with 

median longitudinal stripe ranging from 
faint indication (limited to median area of 

lobe) to black (extending from apical to 

posterior margins); notaulus; scutellum 

with dark brown longitudinal stripe me- 
dially extending from apical margin to fre- 
nal line or to posterior of frenal area; lat- 

eral panel of axilla with faint longitudinal 

patch; femoral depression; propodeum 

medially to nearly entirely except for sub- 

median yellow spots; metasoma ranging 
from all orange to nearly black with 2 to 

4 lateral yellow spots laterally. Head: Wid- 

er than high (9:8); upper face bulging 
slightly; in dorsal view with facial setae 

shorter than greatest midocellus diameter 

and obviously not reaching inner eye mar- 
gin (i.e., upper face with wide, bare area 

between setae and inner eye margin) (as 

in Fig. 24); face with carinae extending 
from lower margin (excluding clypeus) to 

venter of lateral ocelli; genal area, post- 

genal area, and scrobal depression 
smooth; scrobal depression narrower than 
upper face (i.e., distance from lateral mar- 

gin of depression to eye) (Fig. 30); scrobal 
depression laterally with multiple carinae 

that converge on midocellus ventrally and 
dorsally (Fig. 30; midocellus appears to be 

in scrobal depression, but if not readily 

apparent, then at least several carinae con- 

verge on it laterally and dorsally); malar 

sulcus complete and obvious; intermalar 
distance about 2.5 malar distance; toruli 
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slightly higher than wide, separated from 
each other by % shortest torulus diameter; 
interantennal area a raised lamelliform ca- 
rina extending within an ocellus diameter 

of venter of midocellus (though it may be 
effaced somewhat at its midpoint); scape 
about 0.7 eye height, laterally com- 
pressed; ratio of scape: pedicel: anellus: 
F1:F2 as 25:7:2:13:13; anellus wider than 

long; Fl-2 as wide as pedicel, F1-7 each 

about 3-3.5x as long as wide, covered 
with appressed, dense, bristles, none lon- 
ger than width of segment; clava about 

0.8x length of F6+7; ratio of ocellocular: 
postocellar : mid-to-lateral ocellus dis- 
tance: lateral ocellus diameter about 10:10: 
5:7; vertex with slightly swollen carinate 

area posterolaterad of lateral ocellus; lat- 
eral ocelli sitting in nearly flat plane ex- 
tending from anterior ocellus to occipital 
carina (between posterolateral swellings); 

narrowed furrow extending from lateral 
ocellus to eye outlined anteriorly by swol- 
len frontovertex and posteriorly by pos- 
terolateral swellings (Fig. 30). Mesosoma: 
Pronotum with strong, transverse carinae 

(Fig. 3, 9), laterally smooth, about as long 

as wide, in lateral view slightly longer 
than high; mid- and lateral lobes of me- 

soscutum with strong transverse carinae 

(similar to pronotum); notaulus deeply 

erooved, meeting transscutal articulation 
at point outside (laterad) scutoscutellar 

suture, notaulus with transverse carinae 

delimiting shallow pits; side lobes with 
parapsidal line present, finely granulose, 
extending almost to apical margin (Fig. 
9A, B), interrupting transverse carinae; 

apical margin of scutellum contiguous 
with transscutal articulation except a sin- 
gle median pit may be present; axillae 
with diagonally curving carinae; scutel- 
lum dorsally flat, weakly transversely car- 
inate anteriorly; frenal line absent but fre- 

nal area indicated by colored line and 
weak, longitudinal carinae (Fig. 2); ratio 

scutellum length:frenum length as 3:1; 
scutellum posteriorly with grooved, pitted 

lamella; propodeum (Fig. 35) without me- 
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dian carina, several submedian carinae 

curve toward posterolateral margin of 
propodeum forming depression in anteri- 
or %, area anterior to carina alveolate (re- 

sultant area is yellow and may appear as 

subrounded yellow circles if propodeum 
is largely black); spiracle about 0.5 own 
greatest length from apical edge of pro- 
podeum, about 2* own length from me- 

tapleuron, about 0.20 median length of 

propodeum; postspiracular sulcus deep 
and traversed by 3 or 4 strong carinae 

forming deep pits, inner edge not carinate 

or forming a distinct ledge in lateral view; 

callus convex with long whitish setae set 

in irregular alveolate depressions; nucha a 
parallel-sided curved strip, with fine, par- 

allel striae; mesepisternum smooth; femo- 

ral depression deep, well defined, with 
longitudinal carinae; transepimeral sulcus 

strongly defined from middle of epimeron 

to venter, entire epimeron longitudinally 

carinate; metapleuron with longitudinal 
carinae about as well developed as epi- 
meron, posterior margin (abutting propo- 

deum) depressed in lower half with sev- 

eral longitudinal carinae creating deep 
pits; metatibial spurs straight, longer spur 
about 2 length of shorter spur; dorsal 
length (shortest) of metabasitarsus sube- 

qual to length of tarsomeres 2-5; all tarsal 

claws simple (as in Fig. 43); forewing ratio 

of submarginal vein: basal vein: marginal 

vein: postmarginal vein about 5.5:1:2.3:4.5; 

costal cell dorsally with 1 or 2 setae on 
apical anterior edge, ventrally densely se- 
tose in apical 42, basal cell and cubital vein 

asetose; petiolate segment of stigmal vein 
about 0.8 stigmal height, stigma height 
1X width (Fig. 162), ventral margin con- 
vex, uncus as wide as long. Metasomia: Lat- 

erally compressed; ratio of mesosoma : me- 

tasoma:hypopygium about 7:6:8. 

Male.—Body length 9 to 12 mm. Similar 
to female except: median longitudinal 

black line on pronotum faint on some 

specimens; ratio of scape : pedicel : anellus : 
F1:F2 about; Fl-7 each spindle-shaped, 

about 6X as long as wide, with 2 to 3 



VOLUME 11, NUMBER 2, 2002 

whorls of erect setae as long as funicular 
segment; clava distinctly wider than funi- 
cle, slightly longer than F6+7, covered 
with short, appressed setae (as in female); 
petiolate segment of stigmal vein about 
0.4 stigmal height, stigma height 0.7 x 

width (Fig. 16d), ventral margin convex; 

metasoma dorsoventrally compressed. 

Material examined.—In addition to the 3 

3 syntypes from Republic of China 
(ZMB), we have also seen the following: 

65 2,56 5, mouth of Evelyn River, Guad- 

alcanal, 23 August to 9 September, 1944, 

H. Milliron, ex Pandanus seeds (USNM). 

Distribution.—This species is known 
from the Republic of China in the north 
and the Solomon Islands (Guadalcanal) in 

the south. 

Host.—The syntypes were not reared. 
Based on specimens from Guadalcanal 

(USNM) described by Milliron (1950) this 

species was reared from seeds of Pandanus 
upoluensis Martelli, but the original labels 

on the specimens state only Pandanus. 

Discussion.—Milliron (1950) saw no type 
material. He described the female, rede- 

scribed the male, and illustrated the stig- 
mal venation of both sexes (his figs. 2-3) 
based on specimens from Guadalcanal. 
We have compared these specimens with 
3 syntype males and they are conspecific. 

We did not designate a lectotype for this 
species because we saw only part of the 
series. The species was transferred to Boo- 

tania by implication (Riek in Kamijo 1962: 
36). 

The 121 specimens from Guadalcanal 

and 3 specimens from Republic of China 
differ little in color pattern, except a few 
males may have the black areas absent 
along the lateral margins of the pronotum 
and most of the ocellar area (at least the 

lateral brownish spots remain posterior to 

the lateral ocelli and around the median 

ocellus). 

This is among the largest of chalcidoid 
wasps, reaching 4.5 cm in length with the 

exserted ovipositor. The species is most 

similar to B. fascia and diagnostic charac- 

ters are discussed under that species. 

5. Bootania moorea Desjardins and 
Grissell, new species 

Figs. 20, 27, 37, 42 

Female holotype-—Body length (exclud- 
ing Ovipositor) about 9 mm; ovipositor 

length about 15 mm. Color: Pale yellowish 

brown with following areas reddish 

brown: lateral longitudinal stripes on 
pronotum and lateral lobes of scutellum, 
eyes, circle directly surrounding ocelli; 
brown areas are: median longitudinal 

stripe on posterior half of pronotum 
which becomes a faint V-shaped ending at 
posterolateral margins of neck, posterior 

half of scutum, and scutellum anterior to 

frenum; anterior margin of propodeum; 

postspiracular sulcus; dorsal surface of 

scape and pedicel; stripe connecting lat- 
eral ocelli to median ocellus; eyes; dark 

brown areas are: flagellum; anterodorsal 

region of first metasomal tergite; oviposi- 
tor sheath; wing veins. Head: Barely wider 
than high; upper face swollen; in dorsal 
view with facial setae shorter than greatest 
midocellus diameter and obviously not 

reaching inner eye margin (i.e., upper face 

with wide, bare area between setae and 

inner eye margin) (as in Fig. 24); face with 

minute longitudinal carinae radiating 
from lower margin (excluding clypeus) to 

venter of toruli; vertex with minute lon- 

gitudinal carinae radiating from ocellar 
triangle; genal area, postgenal area, and 
scrobal depression smooth; scrobal de- 

pression narrower than upper face (i.e., 
distance from lateral margin of depression 

to eye); scrobe not carinate laterally (i.e. 

midocellus not in scrobal depression); ma- 
lar sulcus complete; intermalar distance 

about 2.5% malar distance; toruli slightly 

higher than wide, venter about 1.8% own 
diameter above ventral eye margin, sepa- 
rated from each other by 2 torulus diam- 

eter, interantennal area (Fig. 27) a rounded 

lamelliform carina that terminates 

than 4% way to midocellus; scape about 
less 
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Figs. 38-46. Bootania spp. 38-42, Antenna, lateral view. 38, Entire. 39-42, Scape, pedicel, anellus, flagellomere 
1, 43-44, Apical hindtarsus with claw (empodium not shown). 45-46, Forewing, dorsal view. 
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0.75 eye height, laterally compressed; ra- 
tio of scape: pedicel: anellus:F1:F2 about 
3.5:1:0.2:2:2.2; anellus wider than long; F1— 

2 scarcely wider than pedicel, Fl-4 each 
about 4* as long as wide, antennae bro- 

ken beyond F4 (but in paratype F1-6 
about 4 as long as wide, F7 about 3X as 

long as wide; clava about 0.8 length of 
Fo+7), covered with appressed, dense 
bristles, each shorter than width of seg- 

ment (Fig. 42); ratio of ocellocular : posto- 
cellar: mid-to-lateral ocellus distance: lat- 

eral ocellus diameter about 0.9:1:0.5:0.5. 

Mesosoma: Pronotum dorsally with faint 
transverse carinae, laterally smooth, in 

dorsal view barely longer than wide, in 

lateral view, slightly longer than high; 
mid- and lateral lobes of mesoscutum 

with faint transverse carinae (similar to 

pronotum); nettles deeply grooved, meet- 
ing transscutal articulation at point out- 

side (laterad) scutoscutellar suture, nettles 

with transverse carinae delimiting deep 

pits; parapsidal line absent; apical margin 

of scutellum contiguous with transscutal 
articulation; scutellum with minute trans- 

verse carinae anterior to frenum; frenal 

line distinct laterally but indiscernible me- 

dially; ratio of scutellum length: frenum 

length 1.1:1; scutellum posteriorly with 
narrow lamella and groove with well de- 

fined pits; propodeum (Fig. 37) weakly 

carinate; spiracle about 0.75 own length 

from apical margin of propodeum, about 

1.4 own length from metapleuron, about 

0.25x median length of propodeum; 
postspiracular sulcus deep and traversed 
by 2 strong carinae forming deep pits; cal- 
lus as wide as postspiracular sulcus, with 
effaced transverse carinae and long, wide- 
spaced setae; dorsellum convex, smooth, 
not projecting; nucha a broad, well-de- 
fined band; mesepisternum smooth, de- 

limited dorsally by strongly carinate ven- 
tral margin of femoral depression; femoral 

depression moderately shallow, well de- 

fined, with transverse carinae; transepi- 

meral sulcus strongly developed from 
dorsal % of epimeron to venter, with 

297 

transverse carinae forming shallow pits, 
epimeron longitudinally; metapleuron 
with weak transverse carinae, posterior 

margin (abutting propodeum) deeply de- 
pressed with several longitudinal carinae 
creating deep pits; tarsi broken beyond 
tarsomere 3; tarsal claws simple (as in Fig. 

43); inner metatibial spur slightly curved, 

about 3x as long as outer spur; forewing 

ratio of submarginal vein: basal vein: mar- 
ginal vein: postmarginal vein about 4.7:1: 

1.8:3; costal cell without setae dorsally, 
ventrally with 3 to 4 rows of setae at distal 
%, more tightly spaced anteriorly than 
ventrally; basal cell with small cluster of 
setae on dorsal surface anterior to distal 
of basal vein, cubital vein bare proximal 
to basal vein; petiolate segment of stigmal 
vein about 0.8 stigmal height, stigma 

about 1.1 as high as wide (Fig. 20), sur- 

rounded by narrow translucent brown 
band, ventral margin convex, uncus about 

3x as long as wide. Metasoma: Laterally 
compressed; ratio of mesosoma: metaso- 

ma:hypopygium about 1:1:1.1. 

Male.—Unknown. 
Types.—Holotype 2 with following 

data: [French Polynesia] Moorea, 20-IX-86, 

emerged from unripe Pandanus fruit, coll. 
M. Lee (deposited in USNM); 1 2 para- 

type, same data as holotype (USNM). 
Etymology.—Named_ for the island of 

Moorea. 
Distribution.—Known only from the 

French Polynesia island state of Moorea. 
Host.—The type specimens were reared 

from seeds of Pandanus. 
Discussion.—Bootania moorea may be dis- 

tinguished by the propodeum that has 
two complete submedian carinae (Fig. 37), 

by the interantennal area not reaching 

more than half way to the midocellus (Fig. 
27), and by the partially setose stigmal 

area (Fig. 20). Morphologically it is most 

similar to neocaledonica. Both species have 
a fairly small stigma with relatively ase- 
tose area between the uncus and the post- 

marginal vein (cf. Figs. 17, 20). They can 



298 

be separated by characters given in the 
key. 

6. Bootania neocaledonica (Milliron) 

Figs. 17, 24, 34 

Pulvilligera neo-caledonica Milliron 1950:350-352. 

Holotype 2, Poindimie, New Caledonia 

(USNM, lost); 2 2,2 d paratypes same data 
as holotype (USNM, examined). 

Bootania neocaledonica: Transferred by Bouéek 

1988:128. 

Female paratypes.—Body length (exclud- 
ing Ovipositor) about 9 to 10 mm; ovipos- 

itor length about 18 mm. Color: Yellowish 
brown with following areas reddish 

brown: lateral longitudinal stripes on 
pronotum and lateral lobes of scutum, 
vertex, eyes, metasomal tergites; dark 
brown areas are: median longitudinal 
stripe on pronotum, scutum, and _ scutel- 
lum just prior to posterior edge; propo- 
deum; anterodorsal region of first meta- 
somal tergite; dorsal surface of scape and 
pedicel; flagellum; ovipositor sheaths; 

wing veins. Head: Barely wider than high; 
upper face swollen (as in Fig. 28); in dorsal 

view with facial setae shorter than greatest 
midocellus diameter and obviously not 

reaching inner eye margin (i.e., upper face 
with wide, bare area between setae and 

inner eye margin) (Fig. 24); face with ob- 

scure longitudinal carinae radiating from 
lower margin (excluding clypeus) to ven- 
ter of swollen area, where sculpture varies 
from obscurely reticulate to obscurely car- 
inate; genal area, postgenal area, and head 

behind eyes smooth; scrobal depression 
narrower than upper face (i.e., distance 

from lateral margin of depression to eye) 
(Fig. 24); scrobe carinate laterally, extend- 

ing to dorsum of midocellus (i.e. midocel- 
lus in scrobal depression); malar sulcus 

complete; intermalar distance about 3x 

malar distance; toruli slightly higher than 
wide, venter slightly higher than own di- 

ameter above ventral eye margin, separat- 

ed from each other by % torulus diameter, 
interantennal area a rounded lamelliform 
carina reaching less than % way to mido- 
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cellus (as in Fig. 27); scape about 0.7 eye 

height, laterally compressed; ratio of 
scape: pedicel: anellus:F1:F2 about 3.8:1: 
0.3:2.1:2.1; anellus wider than long; F1-2 

as wide as pedicel, Fl—-5 each about 3X as 
long as wide, F6—-7 about 2 as long as 

wide, covered with appressed, dense bris- 
tles, each shorter than width of segment; 

clava shorter in length than F6+7; ratio of 

ocellocular : postocellar : mid-to-lateral 
ocellus distance: lateral ocellus diameter 
about 0.9:1:0.4:0.5. Mesosoma: Pronotum 
dorsally with transverse carinae, laterally 
smooth, in dorsal view slightly longer 
than wide, in lateral view, longer than 

high; mid- and lateral lobes of mesoscu- 
tum with transverse carinae (similar to 

pronotum); notaulus deeply grooved, 
meeting transscutal articulation at point 

outside (laterad) scutoscutellar suture, no- 

taulus with transverse carinae delimiting 
deep pits; parapsidal line absent; apical 
margin of scutellum widely contiguous 
with transscutal articulation, separated by 

groove with longitudinal carinae delimit- 
ing pits; scutellum smooth, slightly con- 
vex; frenal line indiscernible; ratio of scu- 

tellum length: frenum length 1.6:1; scutel- 
lum posteriorly with marginal rim lamel- 
liform and groove with well defined pits; 
propodeum (Fig. 34) apically with median 
carina that branches widely posteriorly 
with each branch reaching postspiracular 
sulcus, several complete or incomplete 
transverse carinae present medially, two 

longitudinal carinae project % to dorsel- 
lum; spiracle about 0.6% own length from 
apical margin of propodeum, about 1.1 
own length from metapleuron, about 

0.25x median length of propodeum; 
postspiracular sulcus deep and traversed 
by 6 or 7 strong carinae forming deep pits; 
callus slightly wider than postspiracular 
sulcus anteriorly, but much narrower pos- 
teriorly, with effaced transverse carinae 

and long, widespaced setae; dorsellum 
convex, smooth, slightly projecting; nucha 
a broad, well defined band; mesepister- 
num smooth, delimited dorsally by 
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strongly carinate ventral margin of femo- 

ral depression; femoral depression mod- 
erately shallow, well defined, with trans- 

verse Carinae; transepimeral sulcus strong- 

ly developed from dorsal *%4 of epimeron 
to venter, entire epimeron longitudinally 
carinate anteriorly to transversely carinate 
posteriorly; metapleuron with longitudi- 

nal carinae, posterior margin (abutting 
propodeum) deeply depressed with sev- 
eral longitudinal carinae creating deep 
pits; dorsal length (shortest) of metabasi- 
tarsus about 0.6 length of tarsomeres 2- 
5; tarsal claws simple; inner metatibial 
spur straight, about 2* as long as outer 
spur; forewing ratio of submarginal vein: 
basal vein: marginal vein: postmarginal 
vein about 5.5:1:1.9:4; costal cell without 

setae dorsally, ventrally with 2 to 3 rows 
of setae at distal 4%; basal cell with several 
setae on dorsal surface adjacent to mid- 
point of basal vein, cubital vein bare; pet- 

iolate segment of stigmal vein about 0.9 

stigmal height, stigma about 1.1 as high 
as wide (Fig. 172), surrounded by narrow 

translucent brown band, ventral margin 

convex, uncus about 4* as long as wide. 
Metasoma: Laterally compressed; ratio of 
mesosoma : metasoma : hypopygium about 

i al sea 

Male paratypes.—Body length 9.0 to 10.0 
mm. Similar to female except dorsum of 
metasoma dark brown. Ratio of scape: 
pedicel: anellus:F1:F2 as 5:1:0.4:4.5:4.8, 
F1—7 each cylindrical, about 6 to 7X as 
long as wide, with 3 to 5 whorls of out- 

standing setae which are about 0.8 
length of segment; clava barely wider than 
funicle, about 0.6 length of F6+7, cov- 

ered with short appressed setae; prono- 
tum with transverse carinae obvious; cos- 
tal cell with numerous rows of setae along 

anterior margin of ventral surface, in ad- 
dition to many setae in distal half; petio- 

late section of stigmal vein (Fig. 17¢) 
about 0.2 as long as stigmal height, stig- 
ma about 0.8% as high as wide, roundish, 
surrounded by brown stain extending 
posteriorly half as far as stigmal height; 
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uncus about 3X as long as wide; propo- 

deal nucha a narrow but distinct band, in- 

dicated laterally, indistinct medially; me- 

tasoma ventrally compressed. 
Material examined.—The holotype of neo- 

caledonica is supposed to be in the USNM 
(Milliron 1950:351-352). Although the re- 

mainder of the type series (2 2,2 d clearly 
marked as allotype and paratypes) is in 
the collection, the holotype cannot be 
found in either the type collection or the 
main collection. The type catalog lists 5 
specimens as having been entered, includ- 
ing the holotype. The holotype, therefore, 

must now be considered lost. 
Distribution.—Specimens are known 

from New Caledonia and perhaps Fiji (see 
discussion). 

Host.—According to Milliron (1950) the 

types were reared from seeds of Pandanus 
tectorius var. neocaledonicus Martelli, but 

the original labels on the specimens state 
only Pandanus. 

Discussion.—Milliron (1950) stated that 

he had seen one additional male from 
Suva, Fiji. The specimen is extant (USNM), 
and we have seen it but it differs from typ- 
ical B. neocaledonica in having the interan- 
tennal area developed as a carina reaching 
to the midocellus. This single male speci- 
men appears similar to B. gigantea, but dif- 
fers in some aspects of the stigma, inter- 
antennal area, and propodeum. At present 

we cannot place this single, fragmentary 
specimen from Fiji. 

Bootania neocaledonica is among, the spe- 
cies without a well-developed interanten- 
nal area and is morphologically most sim- 

ilar to moorea. Both species have a fairly 
small stigma with relatively asetose area 
between the uncus and the postmarginal 
vein (cf. Figs. 17, 20). They differ (as de- 

scribed in the key) in characters found in 
the stigmal area (cf. Figs. 17 and 20) and 
on the propodeum (cf. Figs. 34 and 37). 

7. Bootania orba Desjardins and 
Grissell, new species 

Pigs) 7,/8, Wy 135,267.05, 387 41 

Female holotype-——Body length (exclud- 
ing ovipositor) 5.4 mm; ovipositor length 
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10.8 mm. Color: Pale yellow to brownish 
yellow with brown and off-white mark- 

ings as follows (Fig. 7): brown patch be- 
tween scrobe and eye, and encompassing 
ocelli; pronotum with brown median and 

lateral longitudinal stripes fading out to- 
ward anterior and posterior edges (off- 
white between stripes); midlobe of meso- 

scutum with median dark brown longi- 
tudinal stripe, laterad with off-white area 
reaching to dark brown notaulus; lateral 

lobe of mesoscutum with off-white trian- 

gular area between posterolateral notau- 
lus and posterolateral brown patch; inner 

corner of axilla off-white, laterally dark 

brown; scutellum white with dark brown 

longitudinal stripe reaching to anterior 
edge of frenum, lateral panel of axilla dark 

brown; metanotum brown except dorsel- 
lum off-white; propodeum dark brown; 

wing veins dark brown. Head: Distinctly 
wider than high (5:4); upper face not swol- 

len; in dorsal view with facial setae longer 
than greatest midocellus diameter and 
reaching (or nearly) inner eye margin (i.e., 

upper face without wide, bare area be- 
tween setae and inner eye margin) (as in 

Fig. 23); face (Fig. 26) with carinae radi- 

ating from lower margin (excluding clyp- 
eus) to venter of toruli; genal area, post- 

genal area, and scrobal depression 
smooth; scrobal depression narrower than 
upper face (i.e., distance from lateral mar- 
gin of depression to eye); scrobe carinate 
laterally, extending to dorsum of midocel- 

lus (i.e., midocellus in scrobal depression); 
malar sulcus complete but obscure ven- 

trally; intermalar distance 2.3 malar dis- 
tance; toruli higher than wide, venter 

about 1.5X own diameter above ventral 

eye margin, separated from each other by 
about % longest torulus diameter, inter- 
antennal area a raised lamelliform carina 

that continues within an ocellus diameter 

of venter of midocellus (Fig. 26); scape 

0.9 eye height, laterally compressed; ra- 

tio of scape: pedicel: anellus:F1:F2 about 
16:3.5:1:9:9 (Fig. 41); anellus wider than 

long; Fl-2 as wide as pedicel, Fl-6 each 
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about 5 as long as wide, F7 about 4X as 

long as wide, covered with appressed, 

dense, bristles (Fig. 382), some longer 

than width of segment; clava 0.5 length 

of Fo+7; ratio of ocellocular: postocellar : 
mid-to-lateral ocellus distance: lateral 

ocellus diameter about 1:1:0.3:0.7; lateral 

ocelli with carinae nearly reaching their 

posterolateral margin (Fig. 26). Mesosoma: 
Pronotum polished dorsally with faint 
transverse carinae, laterally smooth, in 
dorsal view slightly wider than long, in 

lateral view, slightly longer than high; 
mid- and lateral lobes of mesoscutum 

with faint transverse carinae (similar to 

pronotum); notaulus outlined laterally by 

indistinct carinae, with transverse carinae 

delimiting deep pits, with meeting transs- 

cutal articulation at point outside (laterad) 

scutoscutellar suture; parapsidal line ab- 
sent; apical margin of scutellum not con- 

tiguous with transscutal articulation, sep- 

arated by 2 round submedian pits each 
with indistinct pit laterad (Fig. 11); scutel- 

lum flat, smooth, with vague longitudinal 
carinae anteriorly; frenal line weakly pre- 
sent medially but obvious at lateral mar- 

gins, ratio scutellum length: frenum 

length 2.5:1; scutellum posteriorly with 
narrow lamella and groove with pits (Fig. 

11); propodeum strongly irregularly alve- 
olate, most pronounced at margins (Fig. 

33); spiracle about 0.5 own length from 
apical edge of propodeum, about 1.8% 
own length from metapleuron, about 0.25 

median length of propodeum; postspira- 
cular sulcus deep and traversed by 3 or 4 
strong carinae forming deep pits; callus 

subequal in width to postspiracular sul- 
cus, with effaced transverse carinae and 

long, widespaced setae; dorsellum convex, 
smooth, not projecting; nucha [not visible 

in female, see male description below]; 

mesepisternum smooth, delimited dorsal- 

ly by strongly carinate ventral margin of 
femoral depression; femoral depression 

deep, well defined, with longitudinal ca- 

rinae; transepimeral sulcus strongly de- 
veloped from middle of epimeron to ven- 
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ter, entire epimeron longitudinally cari- 
nate; metapleuron with longitudinal cari- 

nae about as well developed as on 
epimeron, posterior margin (abutting pro- 

podeum) deeply depressed with several 
longitudinal carinae creating deep pits; 

dorsal length of metabasitarsus (shortest 

length) about % length of tarsomeres 2— 

5; tarsal claws simple (as in Fig. 43); both 

metatibial spurs curved, longer spur about 
2x length of shorter spur; forewing ratio 

of submarginal vein: basal vein: marginal 

vein: postmarginal vein as 6:3:1.3:4; costal 

cell without setae dorsally, ventrally with 
1 row along anterior margin, 2 or 3 rows 

in distal %; basal cell with 1 or 2 setae on 

dorsal surface, cubital vein basally with 

row of setae on underside (only); forewing 

surface beyond basal vein almost com- 

pletely covered with setae except small 
bare area proximal to parastigma; petio- 

late segment of stigmal vein subequal to 
stigmal height, stigma nearly 2* as high 
as wide (Fig. 132), surrounded by narrow 

translucent brown band, ventral margin 

convex, uncus 2 as long as wide. Meta- 

soma: Laterally compressed; ratio of me- 
sosoma:metasoma:hypopygium about 
B2575/5:6: 

Male.—Body length 5.4—-7.2 mm. Similar 

to female except corresponding brown ar- 
eas broader (Fig. 8); dorsum of metasoma 

brownish. Ratio of scape: pedicel: anellus : 

F1:F2 as 5:1:0.3:4:4, Fl—7 each cylindrical, 

about 6 to 7* as long as wide, with 3 to 

4 whorls of outstanding setae as long or 
nearly as long as segment; clava barely 
wider than funicle, subequal in length to 

F6+7, covered with short appressed setae 

(Fig. 38¢); pronotum with transverse ca- 

rinae obvious; costal cell with numerous 

rows of setae along anterior margin of 
ventral surface, in addition to many setae 
in distal half; petiolate section of stigmal 
vein (Fig. 13d) 0.66 as long as stigmal 
height, stigma as high as wide, roundish, 

surrounded by brown stain extending 
posteriorly half as far as stigmal height; 

uncus 2 as long as wide; propodeal nu- 
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cha a narrow band, indicated laterally, in- 
distinct medially; metasoma ventrolater- 

ally compressed. 
Types.—Holotype @ with following 

data: ‘Malaysia, (San Fran[cisco] POE 

[Port of Entry]), June 10, 1970, Sd [seed] 

Pandanus aurantiacus, Patterson’’ (deposit- 
ed in USNM); 2 6 paratypes, same data 

(USNM). 
Etymology.—The name is derived from 

the Latin ‘orba’”” meaning “orphan’”’ in ref- 
erence to the unknown precise geographic 
origin of this species. 

Distribution.—The original area of col- 
lection was given only as ‘’Malaysia.”’ 

Host.—The type specimens were reared 
from seeds of Pandanus aurantiacus Rid]. 

Discussion.—Males of this species are 
phenetically similar to the male paralec- 
totype of pilicornis in size, coloration, the 
midocellus within carinate scrobal depres- 
sion, the lamelliform interantennal carina, 

the face carinate from the clypeus to the 
lower margin of the lateral ocelli, and in 

not having the upper face swollen. Al- 
though only the metasoma of female pili- 

cornis is known, it is likely that most of the 

characters cited below will work for fe- 
males as well. The stigmal shape may be 
an exception because it is generally di- 

morphic in Bootania (and megastigmines 

in general). The following characters may 
be used to separate males: orba has the 
pronotum evenly transversely carinate 
(pilicornis is essentially smooth with a few 
faint carinae apically); orba has a distinct 
frenal line laterally, apically the scutellum 
is longitudinally carinate, and posteriorly 
the apical lamella is evenly pitted (Fig. 11) 
(in pilicornis there is no sign of a frenal line 
and apically the scutellum is completely 
smooth, Fig. 12); orba has the stigma (Fig. 

13d) wider than high, surrounded by a 

brown stain, and the stigmal vein arises 
from the marginal at an angle (pilicornis 
has the stigma higher than wide, no sur- 

rounding brown stain, and the stigmal 
vein is nearly perpendicular to the mar- 
ginal, Fig. 18); and in orba the lateral ocelli 



have carinae nearly reaching their pos- 
terolateral margin (Fig. 26) (in pilicornis 

the area is slightly depressed and nearly 
smooth). The only known male of pilicor- 
nis is missing its antennae, SO We cannot 

compare this feature with orba. 
Specimens of this species were reared 

from Pandanus fruits imported from Ma- 
laysia that were intercepted at the San 
Francisco Port of Entry. No more specific, 

data are available. 

8. Bootania pilicornis (Cameron) 
Figs. 4, 12, 18 

Eutanycormus pilicornis Cameron 1909:210. Lec- 

totype & [designated by Boucek 1988:127], 

Kuching, Sarawak, Borneo (BMNH, exam- 

ined; all that remains is the abdomen with 

ovipositor pinned to a point by minutin); 1 

3 ?paralectotype [designated by Boucek 
1988:127], Quop, Sarawak (BMNH, on min- 

utin, examined). 

Bootania pilicornis: Transferred by Boucek 1988: 

127, 

Female lectotype. [Because only the me- 
tasoma remains of the lectotype, the de- 

scription that follows cites salient details 

from Cameron (1909) in quotes with the 

articles removed; we have seen no addi- 

tional females of this species.]|—Body 
length ‘5 mm; ovipositor, 8 mm.” Color: 

“Black, smooth, and shining, sparsely cov- 

ered with longish black hair, ... antennal 

scape and legs rufo-testaceous, ... man- 
dibles and oral region of a slightly darker 

rufo-testaceous colour, ... wings hyaline, 

nervures blackish, . . . stigmal spot longish 

oval.” Head: Antennae with “‘third joint [F- 

1] distinctly longer than ... fourth [F2];” 

“flagellum densely pilose;’’ ‘transverse 
furrow at... base of ... scutellum, from 

either side of which a shorter oblique one 
runs along the sides.’” Mesosoma: ‘“Metan- 
otum [?mistake for mesonotum], except 
the outer edges [?side lobes], transversely 
rugose;’” “‘metapleurae [metapleuron] 

smooth above, ... lower part striated at 

... base, rest coarsely aciculated, ... 

middle [?femoral depression] broadley de- 
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pressed. Metasoma (from specimen): 

Length of gaster 2 mm; laterally com- 
pressed, reddish brown, ventral half with 

pale, whitish yellow stripes on last 4 or 5 
terga fading into same color completely 
ventrally. 

Male paralectotype. [This specimen is de- 
scribed in detail because the only known 

female lacks all head and mesosomal char- 

acters. The paralectotype male is missing 
its funiculars, and the data concerning 

these is cited from Cameron (1909) in 

quotes.]|—Body length 6 mm. Color (Fig. 

4): Almost entirely yellow (to whitish yel- 
low) except brown are: transverse band on 
face beginning behind ocelli and extend- 
ing midway down scrobe; dorsum of 

pronotum except submedian narrow yel- 

low stripes extending from posterior mar- 
gin anteriorly % way to anterior margin; 

outer margin of side lobe, median band 
extending from anterior of mid lobe to fre- 
nal line; median and lateral areas of pro- 

podeum; dorsum of metasoma (except 

submedian yellow spot on metasomal ter- 

gum 2). Head: Wider than high (5:4); upper 

face not swollen; in dorsal view with facial 

setae longer than greatest midocellus di- 
ameter and reaching (or nearly) inner eye 
margin (i.e., upper face without wide, bare 
area between setae and inner eye margin) 
(as in Fig. 23); face with carinae extending 

from lower margin (excluding clypeus) to 
venter of lateral ocelli; genal area, post- 

genal area, and scrobal depression 

smooth; scrobal depression narrower than 

upper face (i.e., distance from lateral mar- 
gin of depression to eye); scrobe carinate 

laterally, extending to dorsum of midocel- 

lus (1.e., midocellus in scrobal depression); 

malar sulcus present but barely indiscern- 

ible ventrally; intermalar distance about 

2.5x malar distance; toruli higher than 

wide, venter about own short diameter 

above ventral eye margin, separated from 

each other by about % shortest torulus di- 

ameter, interantennal area a raised lamel- 

liform carina that continues to within ocel- 

lus diameter of venter of midocellus; 
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scape about 0.9 eye height, laterally 
compressed; “joints of flagellum [F1-7] 

fringed with longish stiff hair;’’ ‘[club] 

thicker than others, closely shortly pilose’; 
ratio of ocellocular : postocellar : mid-to- 
lateral ocellus distance: lateral ocellus di- 
ameter about 1.4:1:0.3:0.7; area between 

lateral ocelli depressed, inner margins of 

ocelli raised above area, distinct circular 

depressed area on outer margin, about 

long diameter of ocellus. Mesosoma: Flat- 
tened, pronotum and propodeum nearly 
in same plane; pronotum dorsally mostly 
smooth, polished, with transverse carinae 

in anterior ¥; and several carinae in pos- 

terior %, laterally smooth, in dorsal view 

slightly longer than wide, in lateral view, 
0.6x as long as high; mesoscutum with 
obvious transverse carinae [minutin ob- 

scures most of area], though somewhat 

obscure on lateral areas of lateral lobes, re- 
mainder of mesosoma dorsally polished 
except along outer edge of notaulus (i.e., 
inner margin of lateral lobe); notaulus out- 
lined laterally by indistinct carinae, with 
transverse carinae delimiting deep pits; 

notaulus meeting transscutal articulation 

at point outside (laterad) scutoscutellar 

suture; parapsidal line absent; apical mar- 

gin of scutellum not contiguous with 

transscutal articulation, separated by ill- 
defined pitlike depressions (Fig. 12); scu- 

tellum smooth, flat; frenal line absent, pos- 
teriorly with flat, projecting lamella not 
delimited by groove (some obscure cari- 
nae may be seen perpendicular to lamella) 

(Fig. 12); propodeum covered with irreg- 

ular carinae, some forming pits, obscure 
median triangle indicated by diagonal ca- 
rinae branching from anterior edge, in 

dorsal view median area appearing ele- 
vated and separated from postspiracular 
groove by carina; spiracle in dorsal view 
about 0.7* own greatest length from api- 
cal edge of propodeum, about 1.3 own 
length from metapleuron, about 0.2 me- 
dian length of propodeum; postspiracular 
sulcus deep and traversed by 2 strong ca- 
rinae forming 3 deep pits; callus subequal 
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in width to postspiracular sulcus, with ef- 

faced transverse carinae and long, wides- 
paced setae; dorsellum convex, smooth, 

not projecting; nucha a wide band with 
transverse carinae; mesepisternum smooth 

to weakly reticulate; femoral depression 
deep, transversely crossed with distinct 
carinae, transepimeral sulcus a deep pit 
dorsally, continuing as shallow, pitted 

groove to mesepisternum; posterior half of 

mesepimeron strongly carinate; metapleu- 
ron medially smooth, with well developed 
longitudinal carinae around margin; dor- 

sal length (shortest) of metabasitarsus 

about % length of tarsomeres 2-5; inner 
metatibial spur straight, about 2 as long 

as outer spur; tarsal claws simple (as in 
Fig. 43); forewing ratio of submarginal 
vein: basal vein, marginal vein: postmar- 
ginal vein as about 6:1.2:1.5:3.6; costal cell 
dorsally with several setae on apical an- 

terior edge, ventrally entirely setose; basal 

cell with several setae on ventral surface 
and 1 dorsally, cubital vein asetose; stig- 
mal vein almost perpendicular to margin- 

al vein, petiolate segment of stigmal vein 
0.3 stigmal height, stigma height 1.2 

width (Fig. 18), ventral margin convex, 

uncus longer than wide. Metasoma: Dor- 
soventrally compressed. 

Material examined.—Only the lectotype 
female (metasoma) and paralectotype 
male have been seen. 

Distribution.—This species is known 
only from Malaysia (Sarawak). 

Discussion.—Cameron (1909) based ge- 

neric characters for his new genus Eutan- 
ycormus primarily on the male, emphasiz- 

ing both the ‘‘densely pilose antennae’ 
and the oblique vein issuing from the sub- 
marginal (i.e., the prominent basal vein). 

He based the species description of pilicor- 
nis, the only included species, entirely on 

the female. Boucek (1988:127) discussed 

the problems involved with selecting a 
lectotype for this species. He chose the fe- 
male, which consisted of only the meta- 
soma. It was not clear if the male should 
be considered a paralectotype of pilicornis, 
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and to confuse the matter even more, the 

specimen is labeled “Eutanycormus lon- 

gicollis Cam”, which according to Boucek 

(1988) is a manuscript name. There is not 

even certainty that the two sexes are cor- 

rectly associated. Cameron (1909) stated 

that the female was black, yet the male is 
mostly yellow. 

In the lectotype female, the ovipositor is 
greater than 3 the length of the metaso- 
ma (100:30), but it is obviously broken off. 

According to the original description the 
ovipositor was 8 mm; the metasoma is 2 

mm by current measurement, and so the 

length of the ovipositor should be about 

4x that of the metasoma. The metasoma 

has 5 indistinct yellow spots laterally, and 

this may be the primary basis for recog- 
nizing the female of this species at the pre- 
sent time. 

The single known male of pilicornis 
most closely resembles males of orba, and 

the two are compared extensively under 
the latter species. 

9. Bootania ruficeps (Cameron) 
Figs. 22, 32, 46 

Spilomegastigmus ruficeps Cameron 1905:74. Lec- 

totype 2 (designated by Boucek 1988:127), 

“Kandy, Ceylon” (BMNH, examined). [Miss- 

ing both antennae beyond pedicel; left hind 

leg including coxa; abdomen detached, glued 
to same card.] 

Bootania ruficeps: Transferred by Boucek 1988: 
122 

Female lectotype-——Body length 7 mm; 
ovipositor 17 mm. Color: Body reddish or- 
ange, except following areas yellow (not 
well differentiated from body color): api- 
cal two-thirds of midlobe of scutum, 

shoulder of side lobes, axillae, clypeus, 
malar area, dorsellum, all legs including 

coxae, five circular spots on sides of me- 
tasoma (sixth area may be seen, but weak- 

ly developed); dark mahogany brown are 
forewing veins, stain around stigma, most 
of metasoma. Head: Wider than high (11: 
9); upper face not swollen; in dorsal view 
with facial setae longer than greatest mi- 
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docellus diameter and reaching (or nearly) 

inner eye margin (i.e., upper face without 
wide, bare area between setae and inner 

eye margin) (as in Fig. 23); face with dis- 

tinct carinae radiating from malar area 

around clypeus to venter of lateral ocellus; 

scrobal depression narrower than upper 
face (i.e., distance from lateral margin of 

depression to eye); scrobe carinate later- 

ally, disappearing halfway to midocellus 
(i.e., midocellus not in scrobal depression); 

malar sulcus present; intermalar distance 

about 2.5 malar distance; toruli slightly 

higher than wide, venter about 3X own 

long diameter above venter of eyes, sepa- 
rated from each other by % torulus diam- 

eter, carina present between toruli extend- 

ing less than % torulus diameter upward; 

scape cylindrical, not reaching vertex; ra- 

tio scape to pedicel ca 4:1 (remainder of 

both antennae missing); ratio of ocellocu- 

lar: postocellar : mid-to-lateral ocellus dis- 

tance: lateral ocellus diameter as 21:21:9: 

11. Mesosoma: Pronotum smooth, with fine 

transverse, Carinae seen only at some an- 

gles of view, in dorsal view wider than 
long (4:3), in lateral view longer than high 

(5:4); mid- and lateral lobes of mesoscu- 

tum with distinct transverse ridges, in an- 

terior half these ridges curve forward me- 

dially; notaulus deeply grooved, meeting 
transscutal articulation at same point as 

scutoscutellar suture; parapsidal line ab- 

sent; apical edge of scutellum flush with 

transscutal articulation, appearing broadly 
contiguous; scutellum highly polished 

with few weak transverse carinae apically; 
ratio of scutellum length: frenum length 3: 

1; frenum not physically indicated (i.e., no 

sulcus), but indicated by line under integ- 
ument that lacks pigment, thus apparent 
frenal line; scutellum posteriorly with nar- 

row lamella rimmed by obscure pits; pro- 
podeum (Fig. 32) dorsally with single me- 
dian carina branching posteriorly as sub- 
median carinae which circle around and 

meet nucha at sides, these carinae delimit 

essentially flat, polished median area; four 

carinae (on each side) branch off subme- 
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dian carina onto lateral areas of propo- 

deum; spiracle about % half its own great- 
est length from apical edge of propodeum, 
about 1.5x own length from metanotum, 
about %4 median length of propodeum; 
postspiracular sulcus indicated by 3 or 4 

distinct pits, propodeum with broad la- 
mella at each posterolateral corner; meta- 

notum mostly obscured by glue, dorsel- 
lum convex, smooth, unmodified; nucha 

lamelliform (i.e., not evident as parallel- 
sided, raised band); femoral depression 

and side of mesosoma obscured by glue; 
inner hindtibial spur straight, about 1.7 

length of outer spur; metatarsal claw sim- 

ple with subapical dorsal seta; forewing 
(Fig. 46) ratio of submarginal vein: basal 

vein: marginal vein: postmarginal vein as 

11:2:5:8; costal cell without setae dorsally, 

ventrally with 1 or 2 rows along anterior 

margin, distal area with 3 or 4 rows, basal 

cell with a few setae medially, cubital vein 
asetose; petiolate segment of stigma about 

2x stigmal height, stigma height 1.5 
width (Fig. 22), ventral margin convex, 

uncus longer than wide. Metasoma: Later- 

ally compressed, ratio of mesosoma : me- 
tasoma:hypopygium as 7:9:9. 

Male.—Unknown. 

Material examined.—We have seen only 

the lectotype female of this species. 

Distribution.—Sri Lanka. 

Discussion.—Narendran (1994) rede- 

scribed the lectotype female. In the lecto- 

type, the presence of a frenal area appears 

to be indicated by a transparent line, but 

it has no physical groove; additional spec- 
imens are required to determine the status 

of this character. 

Bootania ruficeps appears distinct based 
on the nearly smooth, flattened median 
area of the propodeum (Fig. 32), a char- 
acter found only in B. titanus (though 

somewhat reticulate rather than smooth). 

The nucha of ruficeps is indistinct (Fig. 32; 
distinct in titanus, as in Fig. 36) and in ruf- 

iceps the stigma has an elongated stigmal 

stain (Figs. 22, 46; not elongated in titanus, 
Fig. 45) with the remainder of the fore- 
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wing hyaline (Fig. 46; some vein tracts 

stained in titanus, Fig. 45). 

10. Bootania solomonensis (Milliron) 

Figs: 15,23 

Pulvilligera solomonensis Milliron 1950:352-354 

(Figs. 6-7). Holotype 2, 6 mi. from mouth of 

Tenaru River, Guadalcanal, Solomon Islands, 

13 August 1941, H. E. Milliron, ex seed of 

Pandanus (USNM, examined); 44 2, 25 6 

paratypes same data as holotype (USNM, 44 

2,21 5 examined; 4 d specimens missing). 

Bootania solomonensis: Transferred by Bouéek 

1988:128. 

Female paratypes.—Body length (exclud- 
ing Ovipositor) about 6 to 9 mm; oviposi- 

tor length about 10 to 17 mm. Color: Yel- 
lowish brown with following areas red- 
dish brown: median longitudinal stripe on 
pronotum, posterior half of scutum, and 

scutellum anterior to frenum; anterodorsal 

region of first metasomal tergite; stripe 
connecting posterior ocelli to anterior ocel- 
lus; eyes; dark brown areas are: dorsal 
surface of scape and pedicel; flagellum; 
ovipositor sheaths; wing veins. Head: Bare- 
ly wider than high; upper face not swol- 
len; in dorsal view with facial setae longer 

than greatest midocellus diameter and 
reaching (or nearly) inner eye margin (Le., 

upper face without wide, bare area be- 
tween setae and inner eye margin) (Fig. 

23); face with minute longitudinal carinae 

radiating from lower margin (excluding 
clypeus) to venter of ocelli; genal area, 

postgenal area, and scrobal depression 
smooth; scrobal depression narrower than 

upper face (i.e., distance from lateral mar- 

gin of depression to eye); scrobe carinate 
laterally, extending to % ocellar diameter 

below venter of midocellus (i.e., midocel- 

lus not in scrobal depression); malar sul- 
cus complete; intermalar distance about 
2.75x malar distance; toruli as high as 

wide, venter about 2.8X own diameter 

above ventral eye margin, separated from 
each other by slightly less than 1 torulus 
diameter, interantennal area a rounded la- 

melliform carina which terminates 1 to- 
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rulus diameter dorsal to toruli; scape 
about 0.7* eye height, laterally com- 
pressed; ratio of scape: pedicel: anellus: 

F1l<F?2 about 3:5:1:0.2:2.1:2:1> anellus wider 

than long; Fl—2 scarcely wider than pedi- 
cel, F1-5 each about 4X as long as wide, 
F6 about 3 as long as wide, F7 about 2 
as long as wide, covered with appressed, 

dense bristles, each shorter than width of 

segment; clava about 0.8X length of F6+7; 

ratio of ocellocular : postocellar : mid-to- 
lateral ocellus distance: lateral ocellus di- 

ameter about 1:1:0.4:0.5. Mesosoma: Prono- 

tum dorsally with faint transverse carinae, 

laterally smooth, in dorsal view barely 
longer than wide, in lateral view, slightly 

longer than high; lateral and posterior % 

of midlobe of mesoscutum with faint 

transverse carinae (similar to pronotum); 

nettles deeply grooved, meeting transscu- 

tal articulation at point outside (laterad) 

scutoscutellar suture, nettles with trans- 

verse carinae delimiting deep pits, sepa- 
rated by 4 rounded submedial pits; par- 
apsidal line absent; apical margin of scu- 
tellum widely contiguous with transscutal 

articulation, separated by shallow groove 
with longitudinal carina delimiting pits; 

scutellum smooth, flat; frenal line weakly 

present medially but indiscernible lateral- 

ly; ratio of scutellum length: frenum 
length 2.2:1; scutellum posteriorly with 
marginal rim lamelliform and groove with 
ill defined pits; propodeum regularly car- 
inate; spiracle about 0.6 own length from 
apical margin of propodeum, about 1.5 

own length from metapleuron, about 
0.25x median length of propodeum; 
postspiracular sulcus deep and traversed 

by 2 or 3 strong carinae forming deep pits; 
callus slightly wider than postspiracular 
sulcus, with effaced transverse carinae 

and long, widespaced setae; dorsellum 

convex, smooth, not projecting; nucha a 

faint, narrow band indistinct medially but 

discernible laterally; mesepisternum 

smooth, delimited dorsally by strongly 
carinate ventral margin of femoral depres- 

sion; femoral depression moderately shal- 
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low, well defined, with transverse carinae; 

transepimeral sulcus weakly developed 
from middle of epimeron to venter, epi- 

meron longitudinally carinate anteriorly 
to transversely carinate posteriorly; meta- 
pleuron with weak longitudinal carinae, 
posterior margin (abutting propodeum) 
deeply depressed with several longitudi- 
nal carinae creating deep pits; dorsal 

length (shortest) of metabasitarsus about 
0.7 length of tarsomeres 2-5; tarsal claws 

simple; inner metatibial spur slightly 
curved, about 3 as long as outer spur; 
forewing ratio of submarginal vein: basal 
vein: marginal vein: postmarginal vein 
about 4.1:1:1.6:3; costal cell without setae 
dorsally, ventrally with 4 to 5 rows of se- 
tae at distal %4, more tightly spaced ante- 
riorly than ventrally; basal cell with sev- 

eral setae on dorsal surface adjacent to 

posterior % of basal vein, cubital vein ba- 
sally without setae; petiolate segment of 

stigmal vein about 0.7 stigmal height, 

stigma about 1.5 as high as wide (Fig. 

152), surrounded by narrow translucent 

brown band, ventral margin convex, un- 

cus about 2x as long as wide. Metasoma: 

Laterally compressed; ratio of mesosoma : 
metasoma:hypopygium about 1:1.2:1.1. 

Male.—Body length 7 to 8 mm. Similar 

to female except corresponding brown ar- 
eas broader; dorsum of metasoma dark 

brown. Ratio of scape: pedicel: anellus: FI: 

F2 1as 9:1:0.2:3.5:4, Pie7 each cylindrical, 

about 8 to 10 as long as wide, with 3 to 
5 whorls of outstanding setae about 0.7 x 
length of segment; clava barely wider than 
funicle. about 0.8 length of F6+7, cov- 

ered with short appressed setae; prono- 
tum with transverse carinae obvious; cos- 

tal cell with numerous rows of setae along 
anterior margin of ventral surface, in ad- 

dition to many setae in distal half; petio- 

late section of stigmal vein (Fig. 15d) 

about 0.2 as long as stigmal height, stig- 
ma about 0.7 as high as wide, roundish, 

surrounded by brown stain extending 
posteriorly about 0.25% as far as stigmal 
height; uncus about 3 as long as wide; 
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propodeal nucha a very narrow but dis- 
tinct band; metasoma ventrally com- 

pressed. 
Material examined.i~We have seen no 

specimens other than the types. A large 
part of the type series (65 of 69 specimens) 

is in the USNM collection. 

Distribution.—Specimens are known 

only from the Solomon Islands (Guadal- 

canal). 

Host.—The types were reared from Pan- 

danus seed. 

Discussion.—Bootania solomonensis is dis- 

tinguished by the combination of an un- 

differentiated median area on the propo- 

deum, the undeveloped interantennal area 

(as in Fig. 27), the simple tarsal claws (as 

in Fig. 43), the setose stigmal area (Fig. 15), 

and the head without a swollen upper face 
(Fig. 23). 

11. Bootania titanus (Girault) 

Figs. 5, 45 

Epimegastigmus titanus Girault 1938:147-148. 
Holotype @, ‘south-east Papua’’ (QM, ex- 

amined). [Badly fragmented: thorax on point 

with right forewing, right foreleg, (missing 

tarsomere 5), left forecoxa, left leg (missing 

all tarsi); glued on label are: head (broken 

and face down in glue), pieces of antenna (as 

noted below), one midleg, a femur, metaso- 

ma (ovipositor sheaths separate). | 

Megastigmus titanus: Transferred by Milliron 

1949:353. 

Bootania titanus: Transferred by Boucek 1988: 

128. 

Female holotype-—Mesosoma + metaso- 

ma about 10 mm (head broken); oviposi- 
tor length about 21 mm. Color (Fig. 5): 
Brownish to black with following areas 
yellow: postgenal area extending from 
malar area to dorsum of head, dorsally 
curving onto occipital area almost to fo- 

ramen; pronotum dorsally with two sub- 
median spots, laterally with ventral spot 
extending half way to dorsum; lateral lobe 
of mesoscutum with submedian longitu- 
dinal bands from apex to posterior mar- 
gins; scutellum (except median longitudi- 
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nal brown strip) and inner portions of ax- 

illae; metanotum; callus of propodeum; 
metapleuron; outer surface of coxae; terga 

2,4, and 6; wing veins dark brown, stigma 
surrounded by narrow brown stain, 

brown stain extending along entire vein 
tracks of cubital and medial setal lines 

(about / apex of wing missing). Head 
(only posterior half visible; antennae in 
pieces): Area surrounding ocelli with fine 
transverse carinae; ratio of anellus:F1:F2 

as 1:10:10; Fl, F2 as wide as pedicel, anel- 

lus as long as wide; funicular segments 
with semi-erect, dense, bristles, each about 

equal to width of funicle; Fl-5 about 5 

longer than wide; ratio of ocellocular : pos- 

tocellar: mid-to-lateral ocellus distance: 

lateral ocellus diameter as 14:10:5:6. Me- 

sosoma: Pronotum dorsally with fine, 

transverse carinae, laterally smooth, in 

dorsal view longer than wide; in lateral 

view, slightly longer than high; mid- and 
lateral lobes of mesoscutum with fine, 

transverse carinae (similar to pronotum); 

notaulus deeply grooved, meeting transs- 
cutal articulation at point outside (laterad) 

scutoscutellar suture, notaulus with trans- 

verse carinae delimiting shallow pits; par- 
apsidal line absent; apical margin of scu- 
tellum narrowly contiguous (not meeting 

at a single point); scutellum smooth, flat, 

frenal line absent; apical half with median, 

longitudinal depression; posteroapically 
with wide lamella with distinct longitu- 

dinal carinae delimiting pits; propodeum 
medially reticulate surrounded by sym- 
metrical submedian carinae from which 

radiate somewhat irregular carinae; spi- 
racle about % own greatest length from 

apical edge of propodeum, 1.5 own 
length from metapleuron, about 4 median 
length of propodeum; neither postspira- 
cular sulcus nor callus well defined, area 

deeply depressed to metapleuron, at least 
1 strong posterolateral carina forming 
deep depression; dorsellum convex, 

smooth, not projecting; area correspond- 

ing to callus without setae; nucha a dis- 

tinct raised collar; femoral depression 
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with well-delimited carinae forming pits; 
transepimeral sulcus distinct, divided into 
pits by transverse carinae; mesepimeron 

and metapleuron with transverse carinae; 

[data on inner metatibial spur not record- 
ed], foreleg and midleg each with simple 
tarsal claw (as in Fig. 43); forewing (Fig. 

45) ratio of submarginal vein: basal vein, 

marginal vein: postmarginal vein as 8:1.5: 

2:4; costal cell without setae dorsally, ven- 

trally with several rows of setae at distal 
¥%: basal cell asetose; cubital vein without 

setae; petiolate segment of stigmal vein 
0.7 stigmal height, stigma height about 
0.9 width, ventral margin straight, uncus 
longer than wide. Metasoma: Laterally 
compressed; ratio of mesosoma: metaso- 

ma:hypopygium about 1:1:1.2 (hypopy- 
gium exceeds metasomal apex, but this 
may be artifact of drying). 
Male.—Unknown. 

Material examined.—We have seen only 
the holotype female from Papua. 

Distribution.—Known so far only from 
Papua New Guinea. 

Discussion.—The only known specimen 
is the female type. Bootania titanus is mor- 
phologically similar to ruficeps (also 

known only from the female) based large- 

ly on the medially encircled area of the 
propodeum (as in Fig. 32). The species dif- 
fer primarily in the wing in which fitanus 
has the stigma evenly surrounded by a 

narrow brown stain (Fig. 45; ruficeps with 
a posteriorly elongated stain, Fig. 46) and 
the cubital and medial vein tracks are 
stained brown (Fig. 45; ruficeps with wing 

vein tracks hyaline, Fig. 46). 

12. Bootania xestos Grissell and 

Desjardins, new species 
Pipes 21,25, a1) 2 

Female holotype-—Body length (exclud- 
ing Ovipositor) 6.7 mm (ovipositor length 

not measurable because it is hair-like and 
curled). Color: Black except the following 
yellow: face below midpoint of eyes, 
sides of pronotum, ventral area beneath 
pronotum, fore-and midlegs (including 
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coxae), hindleg (excluding coxa), wing 

veins dark brown. Head: Distinctly wider 

than high (3:2); upper face barely swol- 
len; in dorsal view with facial setae lon- 
ger than greatest midocellus diameter 
and reaching (or nearly) inner eye margin 

(i.e., upper face without wide, bare area 
between setae and inner eye margin) (Fig. 

25); face with faint carinae from dorsal 

edge of clypeus to midpoint of eyes, ab- 
sent between upper margin of clypeus 
and venter of toruli; weak carinae present 

across band of ocelli and hind margin of 
head (anterior to occipital carina); scrobal 

depression (Fig. 25) wider than upper 
face (i.e., distance from lateral margin of 

depression to eye), with weak lateral ca- 
rina extending nearly to venter of mido- 
cellus (i.e., midocellus not in scrobal de- 

pression); malar sulcus complete; inter- 
malar distance about 2.5 malar dis- 
tance; toruli as high as wide, venter about 

1.3 own diameter above ventral eye 
margin, separated from each other by 
about 1 torulus diameter; interantennal 
area with slightly lamelliform carina 
reaching barely 4 distance to midocellus; 
scape subequal to eye height, ventrally 
flat, dorsally rounded, tapered from base 

to apex; ratio of scape: pedicel: anellus: 
F1:F2 as 14:3.5:1:7:7; anellus nearly as 
wide as long; F1l—2 as wide as pedicel, F1 

4 as long as wide, each segment becom- 
ing shorter to F7 about 2 as long as 
wide, covered with erect bristles all lon- 

ger than width of segment; clava sube- 
qual to length of F6+7; ratio of ocellocu- 
lar: postocellar : mid-to-lateral ocellus dis- 
tance :lateral ocellus diameter about 3:3:1: 
2. Mesosoma: Flattened pronotum and 
propodeum nearly in same plane; pron- 
otum polished dorsally with faint trans- 
verse wrinkles anteriorly, laterally 
smooth, in dorsal view slightly wider 
than long, in lateral view, slightly longer 
than high; mid- and lateral lobes of me- 
soscutum polished, no carinae; notaulus 

widening gradually from anterior to pos- 
terior with transverse carinae delimiting 
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distinct pits, meeting transscutal articu- 
lation at point outside (laterad) scutos- 

cutellar suture; parapsidal line absent 
(obscure depression may be seen at some 
angles of view); apical margin of scutel- 
lum contiguous with transscutal articu- 
lation; scutellum flat, smooth; frenal line 

absent; scutellum posteriorly with wide 
lamella and groove with ill-defined pits; 
scutellum, metanotum, and propodeum 
in same plane; propodeum with pattern 

of carinae as shown in Fig. 31; areas be- 

tween carinae flat, shagreened; in dorsal 

view median area appearing elevated 
and separated from postspiracular grove 
by carina; spiracle (Fig. 31, inset) set with- 
in chamber formed by upward projecting 

cuticular structure encircled by translu- 

cent rim (outwardly chamber, itself, ap- 

pears to be much enlarged spiracle); ac- 

tual spiracle (not chamber opening) about 

0.75x own length from apical edge of 
propodeum, about 1.5 own length from 

metapleuron, about 0.25 median length of 

propodeum; postspiracular sulcus deep 
and traversed by several irregular carinae 

forming deep pits; callus subequal in 
width to postspiracular sulcus, nearly 
smooth and without widespaced setae; 

dorsellum flat, smooth; nucha poorly de- 

fined; mesepisternum smooth; femoral 

depression well defined, with longitudi- 
nal carinae; transepimeral sulcus weakly 

developed from middle of epimeron to 
venter; metapleuron essentially smooth, 
posterior margin (abutting propodeum) 

deeply depressed as sulcus of uniform 
width throughout; dorsal length of me- 

tabasitarsus (shortest length) about 0.9 

length of tarsomeres 2-5; tarsal claws 
simple; both metatibial spurs straight, 
longer spur about 2* length of shorter 
spur; forewing ratio of submarginal vein: 
basal vein: marginal vein: postmarginal 

vein as 9:1.6:3:7; costal cell without setae 

dorsally, ventrally with 2 or 3 rows in 

distal %; basal cell and cubital veins with- 

out setae; wing surface beyond basal vein 
almost completely covered with setae ex- 
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cept small bare area proximal to parastig- 

ma; petiolate segment of stigmal vein 
about 0.66 stigmal height, stigma 1.5x 
as high as wide (Fig. 21), surrounded by 
narrow translucent brown band, ventral 

margin convex, uncus about 1.5 as long 
as wide. Metasoma: Laterally com- 

pressed; ratio of mesosoma:metasoma: 
hypopygium as 5:5:4. 
Male.—Unknown. 

Types.—Holotype 2 with following 
data: Papua New Guinea, Madang Prov., 

Nokopo, Aug. 1987, 2000 m., D. Sands, ex 

fruit Pandanus (deposited in ANIC); 3 @ 

paratypes, same data as holotype (2 para- 
types ANIC, 1 paratype USNM). 

Etymology.—The name is derived from 

the Greek ‘‘xestos’’ meaning polished, in 

reference to the mesosoma of this species. 
Distribution.—Known only from Papua 

New Guinea. 
Host.—The type specimens were reared 

from seeds of Pandanus. 
Discussion.—This species is unique 

among known Bootania based on the fol- 
lowing character states: The coloration is 
entirely black in dorsal aspect (other spe- 
cies are essentially all yellow or patterned 
mixtures of black, orange, yellow, and/or 
white); the propodeal spiracle (Fig. 31, in- 

set) is set within an elevated, chamberlike 

structure encircled by a translucent rim 
(other species have no such chamber or 

encircling rim, e.g., Fig. 33, inset); the 
propodeum (Fig. 31) has a flat, elevated 

median section with distinct, well-de- 

fined carinae separated by flat, shagree- 
ned spaces (other species, except B. pili- 
cornis, have a poorly defined median sec- 
tion at best, with irregular carinae form- 

ing pits, as in Fig. 33), or in some cases a 

well-defined circular area (Fig. 32); the to- 

ruli (Fig. 25) are separated by a distance 
at least their own short diameter apart 

(other species have the distance distinctly 
less than a diameter—generally about 
half, as in Fig. 23, 26-28); the scrobal ba- 
sin (Fig. 25) is wider than the upper face 

between the depression and the inner eye 



margin (other species have this distance 
less than the scrobal depression, as in Fig. 
23, 24, 26-28); and females have flagello- 

meres (Fig. 39) with erect setae that are 

longer than the width of the segment 
(other species usually have appressed se- 
tae that are shorter than the width of the 
segment, as in Fig. 40, 41), and the lon- 

gitudinal sensilla of the flagellomeres are 
produced as curved, flattened projections 
(Fig. 39) (other species usually have lon- 
gitudinal setae that are appressed to the 
flagellomere as in Figs. 40-42). With re- 
spect to the erect setae, females of B. xes- 

tos are somewhat like males of other 

known species. 
Bootania xestos has three character 

states that are similar to ones found in B. 
pilicornis. In B. xestos the mesosoma is es- 

sentially smooth and polished with the 
exception of a few obscure transverse 
wrinkles on the pronotum (in B. pilicornis 

the mesosoma is smooth but with obscure 
wrinkles on the pronotum and weak ca- 

rinae on the mesoscutum). In Bb. xestos 

and B. pilicornis the mesosoma is flattened 
so that the pronotum is nearly in the 
same plane as the propodeum. These are 
the only two species that are pronounced- 
ly flattened. Finally in B. xestos and B. pil- 
icornis the median area of the propodeum 
appears elevated and separated from the 
postspiracular groove by a carina, but the 
two differ, however, in the spiracle as 

stated above. 

ACKNOWLEDGMENTS 

We thank the following curators for the loan of ma- 

terial: John Noyes, The Natural History Museum, 

London; Jo Cardale, CSIRO, Canberra; and Frank 

Koch, Zoologisches Museum, Humboldt-Universitat, 

Berlin. We also thank Chris Burwell, Queensland Mu- 

seum, Brisbane, and Jo Cardale, CSIRO, for facilitat- 

ing the work of EEG at those museums. Additionally, 

we thank the following for reviewing the manuscript: 

Michael Gates, David Smith, Manya Stoetzel (all Sys- 

tematic Entomology Laboratory), and John Noyes, 

The Natural History Museum; and Terry Nuhn (Sys- 

tematic Entomology Laboratory) for preparing the 

habitus figure. 

JOURNAL OF HYMENOPTERA RESEARCH 

LITERATURE CITED 

Ashmead, W. H. 1904. Descriptions of new Hyme- 

noptera from Japan. Journal of the New York En- 

tomological Society 12: 65-84. 

Bouéek, Z. 1988. Australasian Chalcidoidea (Hymenop- 

tera): A biosystematic revision of genera of fourteen 

families, with a reclassification of species. Walling- 

ford, UK: C.A.B. International, 832 pp. 

California Rare Fruit Growers. 1989. RFG Publications 

1969-1989 Index—P; http://crfg.org/fg/xref/ 

xref-p.html#pandanus. 

Cameron, P. 1905. On the phytophagous and parasit- 

ic Hymenoptera collected by Mr. E. Ernest Green 

in Ceylon. Spolia Zeylanica 3: 67-97 (First Paper), 

98-143 (Second Paper) [Plates A and B preceed 

page 143 on unnumbered pages. ] 

Cameron, P. 1909. On two new genera (one repre- 

senting a new tribe) from Borneo. Entomologist 

42: 209-211. 

Dahms, E. C. 1984. A checklist of the types of Aus- 

tralian Hymenoptera described by Alexandre Ar- 

sene Girault: II. Chalcidoidea species F-M with 

advisory notes. Memoirs of the Queensland Muse- 

um 21: 579-842. 

Dalla Torre, C. G. de. 1897. Zur Nomenclatur der 

Chalcididen-Genera. Wiener Entomologische Zei- 

tung 16: 83-88. 

Dalla Torre, C. G. de. 1898. Catalogus Hymenopterorum 

hueusque descriptorum systematicus. V. Chalcididae 

et Proctotrupidae. Leipzig: 598 pp. 

Girault, A. A. 1928. A prodigeous discourse on wild 

animals. Privately printed. 3 pp. 

Girault, A. A. 1938. A giant from New Guinea. Ver- 

handlungen VII. Internationaler Kongress fiir Ento- 

mologie 1: 147-150. 

Grissell, E. E. 1999. An annotated catalog of world 

Megastigminae (Hymenoptera: Chalcidoidea: 

Torymidae). Contributions of the American Ento- 

mological Institute 31 (4): 1-92. 

Hubner, J. 1819 (1816-1826). Verzeichniss bekannter 

Schmettlinge. Augsburg. 431 pp. (+ 81 pg., index). 

Kamijo, K. 1962. A revision of the species of the Me- 

gastigminae occuring in Japan (Hymenoptera: 

Chalcidoidea) (Taxonomic studies on the Tory- 

midae of Japan, I). Insecta Matsumurana 25: 18— 

40, 

Kamijo, K. 1981. Description of the male and other 

notes on Macrodasyceras hirsutum (Hymenoptera: 

Torymidae). Akitu 38: 1-4. 

Milliron, H. E. 1949. Taxonomic and biological inves- 

tigations in the genus Megastigmus with partic- 

ular reference to the taxonomy of the Nearctic 

species (Hymenoptera: Chalcidoidea: Callimom- 

idae). American Midland Naturalist 41: 257-420. 

Milliron, H. E. 1950. Descriptions of some species of 

the genus Pulvilligera Strand from the south and 

southwest Pacific. Pacific Science 4: 346-354. 

Narendran, T. C. 1994. Torymidae and Eurytomidae of 



VOLUME 11, NUMBER 2, 2002 

the Indian subcontinent. Published by the author, 

500 pp. 

Riek, E. 1970. Chalcidoidea, pp. 913-924. In CSIRO 

ed., The Insects of Australia. Melbourne University 

Press, Carlton, Victoria. 1029 pp. 

Rye, E. C. 1874. Insecta. Hymenoptera. Zoological Re- 

cord 11: 343-368. 

Smith, J. C. 1855. Harper’s Statistical Gazetteer of the 

World. Harper & Brothers, New York, NY. 1952 

PP: 
Stone, B. C., K.-L. Huynh, and H.-H. Poppendieck. 

1998. Pandanaceae, pp. 397-404. In, K. Kubitzki, 

311 

ed. The families and genera of vascular plants. Vol. 
Il, Flowering Plants. Springer-Verlang, Berlin, 478 

PP 
Strand, FE. 1911. Eine neue Chalcididen-Gattung und 

Art, die zugleich den Typus einer neuen Tribus 
bildet. Entomologische Rundschau 28: 58-59. 

USDA, NRCS 1999, The PLANTS database; http:// 

plants.usda.gov/plants. 

Walker, F. 1862. Notes on Chalcidites, and characters 

of undescribed species. Transactions of the Royal 
Entomological Society of London (3) 1: 345-397. 

Westwood, J. O. 1874. Thesaurus Entomologicus Ox- 

oniensis. Oxford: Clarendon Press, 205 pp. 



J. HYM. RES. 

Vol. 11(2), 2002, pp. 312-325 

Phylogeny of the Genera of Ticoplinae (Hymenoptera: Mutillidae) 

ANDREW MITCHELL AND DENIS J. BROTHERS 

School of Botany and Zoology, University of Natal Pietermaritzburg, Private Bag X01, 

Scottsville, 3209 South Africa (AM now: School of Molecular and Cellular Biosciences); 

AM email: mitchella@nu.ac.za DJB email: brothers@nu.ac.za 

Abstract.—The subfamily Ticoplinae Nagy is one of the more basal taxa in Mutillidae. Cladistic 
analyses using 21 characters have demonstrated that recognition of two tribes is supported. Ti- 
coplini Nagy includes Nanomutilla André (= Ticopla Nagy syn. nov.) and Areotilla Bischoff; Smi- 

cromyrmillini Argaman includes Smicromyrmilla Suarez (and possibly Cameronilla Lele} and Krom- 

bein, Eosmicromyrmilla Lele) and Krombein, and Hindustanilla Lele} and Krombein, should these 

be considered valid). The subfamily and tribes are reviewed and characterized, a key to tribes 

and genera is provided, and both sexes of typical members of the three main genera are illustrated. 

Nanomutilla nadae Argaman 1988 is selected as the correct spelling for the species also spelled N. 

nada in its original description, and Areotilla ferruginea Mitchell and Brothers 1998 for the species 

also spelled Areotilla ferruginata in its original description. 

Ticoplinae Nagy 1970 is one of the rel- 

atively basal subfamilies of Mutillidae, as 

shown by Brothers (1975, 1999) (Fig. 1) 

and by Lele; and Nemkov (1997) whose 

analyses differed from Brothers’ in several 

respects. It was established as a subfamily 

of Nagy’s Heterogynidae (properly Het- 
erogynaidae; International Commission 

on Zoological Nomenclature 1987), to ac- 

commodate the genus Ticopla Nagy 1970, 

known only from male specimens. Broth- 
ers (1975) transferred Ticoplinae to Mutil- 

lidae, and Day (1984) placed Heterogyna 
Nagy in Sphecidae s.1.; it is now consid- 

ered to comprise a distinct family, Heter- 
ogynaidae (Brothers 1999, Melo 1999). The 

genera placed in Ticoplinae by Brothers 
(1975) were Areotilla Bischoff 1920, Nano- 

mutilla André 1900, Smicromyrmilla Suarez 

1965 and Ticopla. Independently, Suarez 
(1975) proposed a new subfamily, Nano- 
mutillinae, to contain Nanomutilla, and 

placed Smicromyrmilla in Myrmillinae but 
he did not realise that Ticopla or Areotilla 
were of relevance. Brothers’ (1975) study 

settled much of the controversy over the 

classification of these genera by showing 

that they belong in a single subfamily, the 

valid name of which is Ticoplinae (and 

would remain so even if Ticopla were con- 
sidered a junior synonym of Nanomutilla; 

International Commission on Zoological 

Nomenclature 1999: Article 40.1). He also 

concluded that the relationships amongst 
the component genera were such as to 

preclude the recognition of tribal divi- 
sions. However, Argaman (1988)  pro- 

posed such divisions: Ticoplini, including 
Ticopla and Nanomutilla, which he consid- 

ered distinct, and Smicromyrmillini, in- 

cluding Smicromyrmilla. He did not ex- 
amine Areotilla. 

The cladistic study presented here elu- 

cidates the phylogeny of the genera of Ti- 
coplinae, enabling objective assessment of 
Argaman’s tribal divisions. The morpho- 

logical terms used are those of Gauld and 

Bolton (1988). Specimens examined are in 

the collection of one of the authors (DJB) 

or were borrowed from numerous insti- 

tutions (particularly the Natural History 
Museum (London) and Muséum National 

d'Histoire Naturelle (Paris)) over many 

years. 
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Myrmosinae 

Pseudophotopsidinae 

Ticoplinae 

Rhopalomutillinae 

Sphaeropthalminae 

Mutillinae 

Myrmillinae 

Fig. 1. Phylogeny of subfamilies of Mutillidae (sim- 

plified from Brothers 1975, 1999). 

GENERA OF TICOPLINAE 

Nanomutilla André 

(Figs. 2-9) 

Mutilla (Nanomutilla) André 1900: 130. 

Type species: Mutilla vaucheri Tournier 1895, 

Morocco, by subsequent designation of Ash- 
mead (1903). 

Ticopla Nagy 1970: 85. 
Type species: Ticopla yoca Nagy 1970, Jordan, 

by original designation. Syn. nov. 

The first description of Nanomutilla ap- 

peared in a key to subgenera of Mutilla 
published in April 1900, without any men- 

tion of included species. Later, in the same 
work, André (1901b: 223) presented a for- 

mal description based on a single species 
known from females only (Mutilla vauch- 

eri) but also provided a description of the 
male in a footnote (p. 224), based on a sec- 

ond species supposedly known from both 
sexes (Mutilla microsoma) which he had re- 

cently described; it must thus be conclud- 
ed that there were two originally-included 

species, although subsequent authors 
have considered Nanomutilla to have been 

a monotypic genus at establishment. An- 
dré (1901a) described both sexes of Mutilla 

(Nanomutilla) microsoma from South Africa, 

being under the impression that the male 
and female specimens had been collected 

in the same area, Willowmore (“... j’ai 

trouvé une autre espece du méme sous- 

genre ... accompagnée d’un male rencon- 

tré dans les mémes parages’”’). This, along 

Ww — ies) 

with their similarity in size, convinced 

him that the two specimens were conspe- 

cific, despite the fact that they were not 
captured in copula. We have examined the 
type series of M. (N.) microsoma in the 

Transvaal Museum and found that the fe- 

male specimen was actually collected at 
Bothaville, in the Free State, while the 

male was collected near Willowmore, in 

the Eastern Cape, approximately 700 km 
away. They are not conspecific, nor even 

congeneric; Nonveiller (1973) concluded 

that the male really belongs in Smicromyr- 
milla. To add to the confusion, Bischoff 

(1921) described six new species of Nano- 
mutilla without examining the type spe- 
cies; all of his new species would later be 

recognised as belonging in Smicromyrmilla 
(Nonveiller 1973). Not surprisingly, Ar- 

nold (1946, 1960) made the same error in 

describing another two species. Nonveiller 
(1973) transferred to Smicromyrmilla all 

species of Nanomutilla, except for N. vauch- 
eri and the female of N. microsoma, and de- 
limited both genera, although he had also 
not examined the type specimen(s) of N. 

microsoma. We confirm Nonveiller’s con- 
clusions as correct. Argaman (1988) de- 

scribed a third species, N. nadae from 
Spain, again known only from female 

specimens. (Although the name is mostly 
spelled “nada” in that paper, it is “nadae” 
in the key; there is a statement that the 
species is named after Mrs Nonveiller, us- 
ing her nickname [which is Nada, DJB 

pers. obs.], so the feminine genitive form 
is preferable, and the commoner spelling 
is probably an inadvertent error.) 

Many statements by other authors re- 

ferring to Nanomutilla have been based on 

a presumption that they apply to the type 
species, N. vaucheri. It is now clear to us, 

however, that the specimens identified 
and illustrated as N. vaucheri by Nonveill- 
er (1973), Argaman (1988), and possibly 

Sudrez (1975), were misidentified, al- 

though they were also collected in Moroc- 

co (the type locality of N. vaucheri being 
Tangier). When compared with the origi- 
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Figs. 2-9. 

braltar, compared with holotype). 6-9, N. sp., 

nal description (Tournier 1895) and the 

fuller description and illustration by An- 
dré (1901b), some discrepancies are obvi- 

ous. Both Tournier and André referred to 

a median longitudinal carina on the me- 

sosoma (this is shown in André’s illustra- 

tion as ending in a fine tooth posteriorly) 
and also stated (and illustrated) that the 

mesosoma was twice as long as wide. The 
illustrations given by Nonveiller (1973) 

Nanomutilla spp., dorsal and lateral views. 2-5, N. vaucheri (Tournier), 2, length = 2.0 mm (Gi- 

>, length = 4.4 mm (Zimbabwe). Scales = 1.0 mm. 

and Argaman (1988) show the mesosoma 

as much less slender, without a complete 

longitudinal carina and without a median 
posterior tooth; Suarez (1975) expressed 

puzzlement at the lack of such a carina in 
specimens he identified as N. vaucheri but 
provided no illustrations. One of us (DJB) 

has examined the holotype of N. vauchert 

(collected at Tangier by Vaucher, with 

Tournier’s determination label referring to 
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the publication of the name, labelled as 

from the Tournier Collection and housed 

in the Geneva Museum). Unfortunately, it 
has been glued dorsal-side down to a card 

so that the dorsal surface of the mesosoma 

is almost entirely obscured. There is, how- 

ever, a Clearly conspecific specimen in the 
same collection, also collected at Tangier 

(in 1896), which is essentially identical to 

the holotype (although with the tibiae 
very slightly paler); the mesosomal dorsal 
surface is clearly visible and shows an al- 

most complete very fine median longitu- 
dinal carina ending in a very small pos- 
terior tubercle, and the mesosoma is rela- 

tively more elongate than in the speci- 
mens illustrated by Nonveiller (1973) and 

Argaman (1988). Another specimen, from 

Gibraltar and housed in the Natural His- 

tory Museum, London (illustrated here, 

Figs. 2-5), is also clearly conspecific al- 

though the appendages are slightly paler 
than in the holotype; it has lost the scat- 

tered long erect setae on the mesosoma 

and most of the decumbent pubescence, 
but shows the carina and tubercle more 

clearly as a result. The carina is extremely 

fine and somewhat irregular, normally 

concealed under fairly dense diagonally 
oriented decumbent pubescence that gives 
the appearance of a mid-dorsal line in un- 
worn specimens, and even when visible 
needs careful illumination; Sudrez (1975) 

may thus have overlooked it, although he 

did comment on the pubescent line. Both 
species of Nanomutilla illustrated and dis- 

cussed by Argaman (1988) are different 

from the true N. vaucheri in all of the fea- 

tures listed by him as important in species 

differentiation, and, since the specimen he 

considered to be N. vaucheri was obtained 

from Nonveiller, it is clear that Nonveiller 

(1973) also misidentified the species. (Of 

four specimens now in the Paris Museum 

identified as N. vaucheri by André, only 
one (from Gibraltar, obtained from Saun- 

ders and thus almost certainly collected at 
the same time as the specimen in the Lon- 

don Museum) is correctly identified; the 

others, one from Algeria and two from Sy- 
ria, represent two different species.) 

Ticopla was described for two new spe- 
cies collected in the Jordan region and 

known only from males (Nagy 1970). 

Brothers (1975) suggested that one of these 

may be the male of N. vaucheri, suppos- 
edly known from the same area but only 
from females (based on specimens so 

identified by André, see above). Argaman 
(= Nagy) (1988) countered this by describ- 
ing females of both species of Ticopla. 
Nonetheless, he stated that ‘the resem- 

blance between Nanomutilla and Ticopla fe- 
males is so remarkable, and the difference 

so delicate, [that it is] entirely understand- 
able” that André had identified a speci- 

men from Syria (that Argaman called a Ti- 

copla) as N. vaucheri; i.e., Argaman (1988) 

stated that these genera are so similar as 

to be easily confused. 

We have examined five specimens 
(three females from Syria and two males 

from Amman, Jordan) that are unques- 

tionably Ticopla based on Argaman’s 
(1988) criteria, and find no consistent dif- 

ferences between them and female speci- 
mens of 6 further species from Gibraltar 
and Morocco (N. vaucheri) and southern 

Africa (including N. microsoma), and males 

of 17 species from Kenya and Angola to 

southern Africa. The differences in the 

sculpturing of the mesosomal dorsum of 

both sexes, the main character used by Ar- 

gaman in distinguishing these two genera, 
are by no means as distinct as he sup- 

posed, since intermediate forms occur. 

Other differences given by Argaman, such 
as the shape of the flagellomeres, depend 
on the angle at which the specimen is 

viewed. Loss of the second submarginal 
cell (1S), thought characteristic of Ticopla 

by Brothers (1975), is also not significant 
since different degrees of reduction in 

wing venation are evident. We thus have 

no hesitation in regarding Nanomutilla and 

Ticopla as synonymous. Lele} and Krom- 
bein (2001) also regarded Ticopla as a syn- 
onym of Nanomutilla, implying that they 
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were following Argaman (1988) in this 
(which was incorrect since Argaman clear- 
ly stated that he considered them distinct, 

see above); it is probable that they were 

really following the suggestion made by 
Mitchell and Brothers (1998). The genus 

has an extensive distribution in the Afro- 
tropical and southern Palaearctic (Iberian 
peninsula, Morocco, Algeria, Levant) Re- 

gions, most species being as yet unde- 
scribed. 

Areotilla Bischoff 

(Figs. 10-17) 

Areotilla Bischoff 1920: 25, 174. 

Type species: Areotilla areolata Bischoff 1920, 

Transvaal, by original designation. 

This genus was based on the type spe- 
cies and A. marshalli (André 1903). It is the 

smallest genus in the subfamily in terms 
of species numbers, and has been revised 
by Mitchell and Brothers (1998). It com- 

prises eight species known from males 
and two known from females, all from 
southern Africa. (It should be noted that 

the correct spelling of the name for the 
new species referred to as A. ferruginea (in 

the text) and A. ferruginata (in a figure cap- 

tion) by Mitchell and Brothers (1998) 

should be A. ferruginea; the lapsus is re- 
eretted.) 

Smicromyrmilla Suarez 
(Figs. 18-25) 

Smicromyrmilla Suarez 1965: 570. 

Type species: Mutilla ariasi André 1896, 

Spain, by original designation. 

This genus was described for a single 
species (and single female specimen), al- 
though a second species from Spain, Simu- 
cromyrmilla miranda Nonveiller and Gros 
1996, based on a single male specimen, 
has since been described; these are the 

only specimens recorded from that coun- 
try, and may thus be conspecific. Never- 
theless, many other species of Smicromyr- 

milla have been described and even more 

await description; they were being revised 
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by Nonveiller (pers. comm.) before his re- 

cent death. The genus exhibits consider- 
able morphological variation (it is the only 
ticopline genus in which brachypterous 
and apterous males are known) and is 
widely distributed throughout the Afro- 
tropical, southern Palaearctic (Spain, 

North Africa) and Oriental Regions. 

After this paper had been accepted for 
publication, Lele} and Krombein (2001) de- 

scribed three new genera of Smicromyr- 
millini (Cameronilla, Eosmicromyrmilla and 

Hindustanilla) from the Oriental Region 

and provided a key for their recognition. 
For our study we had examined an apter- 
ous male of one of these genera (Hindus- 

tanilla) and considered it to be a Smicro- 

myrmilla, although a somewhat anoma- 
lous one. We had also examined several 
Afrotropical species with characteristics 
different from those Lele} and Krombein 
considered limited to Smicromyrmilla, but 

again did not consider them as generically 
distinct. We recognised that Smicromyrmil- 
la, aS We conceived it, was quite variable, 

but saw independent variation in several 
of the characters used by Lelej and Krom- 
bein (2001) to distinguish their new gen- 

era, with many intermediates making rec- 

ognition of new putative genera question- 

able. For this reason, we do not distin- 

guish between Smicromyrmilla and the 
new genera proposed by Lelej and Krom- 

bein (2001), but do not wish to synony- 
mise them formally. As far as we can as- 
certain, those genera agree with Smicro- 

myrmilla in all of the characters we have 

used in this analysis. (We also suspect, 
however, that Cameronilla may not actu- 

ally be a ticopline. Lelej and Krombein 
based their conclusions entirely on the 
rather inadequate original description and 
figure of the female of Mutilla oedipus 
Cameron 1897 in placing it in this subfam- 

ily, citing the presence of a median and 

on the propodeum. Those 
characteristics would not preclude its 
placement in Myrmillinae, however, 

lateral spines 
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Figs. 10-17. Areotilla spp. 10-13, A. ferruginea Mitchell and Brothers, °, length = 4.9 mm (paratype, South 

Africa, KwaZulu-Natal). 14, 16, A. marshalli (André), 3, length 7.7 mm (holotype, South Africa, Northern 

Province). 15, 17, A. vulgaris Mitchell and Brothers, ¢, length 8.9 mm (paratype, South Africa, Eastern 

Cape). Scales = 1.0 mm. 
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© Figs. 18-25. 

sp., d, length = 6.5 mm (South Africa, Gauteng). Scales 

which placement is also suggested by its 
enlarged quadrate head.) 

MATERIALS AND METHODS 

Specimens of all available species of Ti- 
coplinae (Areotilla: 8 species based on 
males, 2 on females; Nanomutilla: 18 on 

males, 8 on females; Smicromyrmilla: 21 on 

Smicromyrmilla spp. 18-21, S. sp., 2, length = 8.4 mm (South Africa, Mpumalanga). 22-25, S. 

= 1.0mm: 

males, 8 on females) were surveyed. Of 

the more than 40 morphological characters 
examined, 21 (Appendix 1) had appropri- 
ate levels of variation (i.e. they were found 

to be variable among but not within gen- 
era) and were used in cladistic analyses. 
Character polarity was established by out- 
group comparison. When there was vari- 
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Table 1. Data matrix for analysis of genera of Ticoplinae using 21 characters of Appendix 1. 

12 3 4 5 6 7 8 9 10 I 2 14 5 6 6 16:CiI7—si—‘<‘aB8)S19 20-21 

Ancestor O00 050-00 0-0 0 0 0 QO 0 0 0 0 0 O Oo 0 
Areotilla Op gOp0e 0) Vt. 1 0 “1 TO cl 9 105) 1 Oo 1 10 0 
Nanomutilla OS OP SOP ALF Oh 70 10, 05705 0 2 | l 0 | O | l 1 O 0 
Smicromyrmilla 1 1 1 0 1 0 1 0 1 +3 0 0 0 | 0 | O 2 0 1] | 

ation among out-group taxa, ad hoc parsi- 

mony analysis was used to determine the 
plesiomorphic state; this is discussed, 

where applicable, below. Maximum-par- 
simony analysis was carried out using the 
software package Hennig86 version 1.5 
(Farris 1988) (command ie*), and analysis 

using implied weights (Goloboff 1993) 

was done using Pee-Wee version 2.1 (Go- 

loboff 1994) (commands hold* search= 

hold/20 mult*15). A hypothetical ances- 

tral taxon was included, with all character 

states coded ‘0’, to root the tree. Trees 

were analysed using Clados version 1.6.1 
(Nixon 1994). 

Out-group selection presented some dif- 
ficulties, as the sister group of the Ticopli- 

nae consists of the Rhopalomutillinae, 
Sphaeropthalminae, Mutillinae and Myr- 

millinae (see Fig. 1), i.e., most of the di- 

versity of the family. In addition, these 

subfamilies all tend to show a greater pro- 

portion of apomorphic characteristics than 
does the Ticoplinae, and their usefulness 

is therefore lessened, particularly in the 

case of the Rhopalomutillinae, which has 
a comparatively large proportion of de- 
rived characteristics. We expected that 

1 1 1 1 1 1 2 

Fig. 26. Single most-parsimonious cladogram of genera of Ticoplinae (length 26, 

more accurate determination of character 
polarity would be obtained by including 
more relatively basal groups in the out 
group; thus the out group comprised four 
genera: Myrmosa Latreille (about 5 species 
examined) and Myrmosula Bradley (about 

2 species) (both Myrmosinae), Pseudopho- 
topsis André (about 10 species) (Pseudo- 

photopsidinae) and Dasylabris Radosz- 
kowski (about 15 species) (Sphaeropthal- 

minae). The plesiomorphic state is that 
state found in all four out-group genera, 
unless otherwise stated. Note that Pseu- 
dophotopsis also has a large proportion of 
apomorphic character states and quite of- 
ten has the derived state of a character 
when the other three out-group genera 
have the plesiomorphic state. 

RESULTS 

Table 1 shows the distribution of char- 

acter states among the genera of Ticopli- 
nae. The single most-parsimonious tree 
found (Fig. 26) has Areotilla and Nanomu- 

tilla as sister groups; the same tree was 

found using implied weighting. This tree 

has length = 26 steps, consistency index 
(CI) = 0.88 and retention index (RI) = 

Smicromyrmilla 
consistency index 0.88, 

retention index 0.62). Character numbers above, states below hash marks. Hash-mark shading: black = unique 

derivation, grey = convergent derivation, white reversal. 
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0.62. Under fast (accelerated transforma- 
tion) optimisation, the 23 derived states 
comprise 14 autapomorphies, 5 unique 
synapomorphies for Areotilla and Nano- 
mutilla, 1 unique synapomorphy for all 
three genera, and 3 homoplasies (charac- 

ters 7M, 10M and 16M). An alternative 

tree with Areotilla and Smicromyrmilla as 

sister groups (supported by 3 synapomor- 
phies) is two steps longer and has a much 
lower RI (length = 28, CI = 0.82, RI = 

0.37); the other alternative tree with Na- 

nomutilla and Smicromyrmilla as sister 
groups is not supported by any synapo- 
morphies and is even longer (length = 31, 

CI = 0.74, RI = 0.00). 
From the results, it is evident that Ar- 

eotilla and Nanomutilla are the most closely 
related cladistically, and are distinct from 

Smicromyrmilla in several respects. The de- 
gree of difference seen between the two 
groups is similar to, if not greater than, 

that between the tribes of Sphaeropthal- 
minae or Mutillinae (Brothers 1975) or 

those of Myrmosinae (Brothers 1999). This 
contrasts with the opinion of Brothers 
(1975) who had seen far fewer represen- 

tatives of these genera and who felt that 
there were no marked groupings between 
them. We thus consider that recognition of 
two tribes, as proposed by Argaman 
(1988), is warranted despite the fact that 
both contain relatively few species when 

compared with most other tribes of Mu- 
tillidae. 

CRAKACTERISTICS OF SUBFAMILY 

AND TRIBES 

Previous descriptions or diagnoses of 

the subfamily and tribes, such as those by 

Brothers (1975, 1993), Suarez (1975) and 

Argaman (1988), are incomplete or inac- 

curate, mainly because those authors had 

access to far fewer species than we were 

able to examine. The following descrip- 

tions are followed by comments indicating 
differences from previous attempts. 

Ticoplinae Nagy 1970 (= Nanomutilli- 

nae Suarez 1975).—No felt line on second 
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metasomal tergum. Macropterous males 

with fully articulating meso-metapleural 
suture (i.e., no ventral bridge-like fusion 

between meso- and metapleuron), poste- 
riorly convex mesopleural margin, petio- 

late second submarginal cell in the fore- 
wing, and volsella lacking digitus (i.e., 

only cuspis present). Females and microp- 
terous/apterous males with mesosoma 
widest posteriorly (seldom with sides 
more or less parallel) with one or more 

weak to strong teeth or spines at postero- 

lateral angle, posterolateral margin of 

pronotum indistinguishably fused with 
mesopleuron (except in males with pron- 
otum articulating with mesothorax), and 

distance from humeral angle to pronotal 
spiracle at least as long as that between 
pronotal and propodeal spiracles (except 
in males with articulating pronotum 

where it may be shorter). 

Ticoplini Nagy 1970 (= Nanomutillini 
Suarez 1975)—Eye strongly pubescent; 
antennal tubercles closely approximated 
basally but separate, not joined by a 
straight transverse ridge, scarcely protrud- 
ing; pronotum smoothly and evenly con- 

vex over anterior declivity, without a 
transverse carina; propodeum with disc 
and declivity distinct; second metasomal 
sternum without felt line. Males with no- 
tauli usually distinct (often faint and 

sometimes absent in Nanomutilla); scutel- 

lum not apically produced; propodeum 
with three or five large fields covering en- 
tire surface of disc and defined by well de- 
veloped carinae; metasomal sternum 2 
with a short median longitudinal carina 

basally; penis valve > 0.75 as long as 
paramere. Females with at most one short 
spine on posterolateral angle of propo- 
deum at apex of lateral oblique transverse 
carina; ‘auricle’ at base of first metasomal 
tergum merely a small rounded protuber- 
ance; no defined pygidial area. 

Smicromyrmillini Argaman 1988.—Eye 
pubescence absent although pores and/or 
very sparse minute setae may be present; 
antennal tubercles fused basally, joined by 
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a small straight transverse ridge, distinctly 
protruding; pronotal dorsum sharply sep- 
arated from anterior declivity, with junc- 
tion angular and marked by a transverse 
carina; propodeum with disc and declivity 
evenly merging, not distinct; second me- 
tasomal sternum with well developed lat- 
eral felt line. Macropterous males lacking 
notauli; scutellum apically produced over 
metanotum; propodeum with three poorly 
defined anterior fields and many reticu- 
lations forming mini fields over posterior 
half; metasomal sternum 2 lacking median 

longitudinal carina; penis valve < 0.60 

as long as paramere. Females and microp- 
terous/apterous males with at least two 
spines on posterolateral angle of propo- 
deum, lacking lateral oblique carina to 

base of spine; ‘auricle’ at base of first me- 
tasomal tergum forming a strong lamel- 
late or spinose protuberance; glabrous py- 
gidial area well defined. 

Suarez (1975) included only Nanomutilla 
(females) in his subfamily Nanomutilli- 

nae. Various of the features that he high- 
lighted as being characteristic of the group 
(as compared with Smicromyrmilla which 
he placed in the Myrmillinae) are thus re- 

stricted to that genus, and in particular to 
a species which he considered to be N. 
vaucheri. Non-differentiated pubescence 
on the body was thought characteristic, as 
compared with the varied pubescence 
generally forming patterns in other Mutil- 
lidae; although this is particularly true of 
Nanomutilla, it is approached in Areotilla 
but is not particularly significant since it 
occurs elsewhere in the Mutillidae also. 
The peculiar ‘bethyloid’ or ‘proctotrupoid’ 
body form was also highlighted, but this 
is not true of Areotilla. 

32] 

Argaman (1988) also included only Na- 

nomutilla (and ‘Ticopla’), but both sexes, in 

the Ticoplini. He thought that the flagel- 
lomeres were different in shape and struc- 
ture from those in Smicromyrmillini, that 

the pronotum (in the female) differed in 
the number of lateral pits and that the de- 
gree of production of the apex of the pro- 
podeum at the articulation with the me- 
tasoma differed. We have found that fla- 
gellomere shape varies across both tribes 

and also according to viewpoint, that the 
development of pits on the pronotum 
varies considerably and that the produc- 
tion of the propodeal lobe also varies and 
is not significantly different from the con- 
dition in most other Mutillidae. Argaman 
remarked on the fact that the second me- 
tasomal tergum is longer than wide in fe- 
male Ticoplini, but this is true only of 
some Nanomutilla and not of Areotilla. For 

male Ticoplini, Argaman noted the pres- 
ence of a single complete ridge on the 
scape, but this is true of Nanomutilla only 

(see our character 7, below). 

Neither Suarez (1975) nor Argaman 

(1988) mentioned the pubescence of the 
eye in female Ticoplini, presumably be- 
cause it is difficult to see in Nanomutilla 
specimens, which are very small. Both au- 
thors noted the absence of ‘auricles’ 
(Brothers 1975) at the base of the metaso- 

ma, but they are actually present although 

inconspicuous. 

For the Smicromyrmillini, Argaman 
(1988) made much of the carinate anterior 

margin of the mesoscutum in the male, 

considering this a unique character in Hy- 
menoptera; such a carina is certainly pre- 
sent in some species of Smicromyrmilla but 
many other species have no trace of it. 

aT 

KEY TO TRIBES AND GENERA OF TICOPLINAE 

[Note: We consider Eosmicromyrmilla and Hindustanilla doubtfully distinct from Smicromyrmilla; Cameronilla is 

probably misplaced in Ticoplinae, see above, and is therefore omitted from this key.] 

1 (a) Wings well developed (male) 
(b) Wings absent or rudimentary (female, rarely male) 
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Eye pubescence distinct; scutellum apex not overhanging metanotum; propodeal disc 
covered by 3 or 5 large fields each surrounded by well developed carinae; metasomal 
sternum 2 without felt line (Ticoplini) 

Eye pubescence absent; scutellum apex produced and overhanging metanotum; pro- 

podeum with 3 very weakly defined anterior fields and many reticulations forming 

mini fields over posterior half; metasomal sternum 2 with well developed lateral felt 
line (Smicromyrmillini) Smicromyrmilla (including Eosmicromyrmilla and Hindustanilla) 

Tegula elongate and reniform, > 0.75 as long as mesoscutum; propodeal disc with 5 

fields; paramere apex very strongly curved ventrally Areotilla 

Tegula oval, < 0.60 as long as mesoscutum; propodeal disc with 3 fields; paramere 
almost straight Nanomutilla 

Eye pubescence distinct; metasomal sternum 2 without felt line; propodeum with disc 

and declivity distinct, separated laterally by an oblique transverse carina ending in a 
single small posterolateral tooth; no distinct pygidial area (Ticoplini) 

Eye pubescence absent; metasomal sternum 2 with lateral felt line; propodeum with 

disc and declivity smoothly merging, without any lateral transverse carinae and with 2 

or more posterolateral teeth or spines; female with distinct glabrous pygidial area (Smi- 

cromyrmillini) Smicromyrmilla (including Eosmicromyrmilla and Hindustanilla) 

Body length > 4 mm; eye large relative to head (ratio of eye height to head height > 

0.6); eye with > 400 small ommatidia; second metasomal tergum about 1.5 as wide 
as long Areotilla 

Body length < 3 mm; eye small relative to head (ratio of eye height to head height < 

0.5); eye with < 100 large ommatidia; second metasomal tergum about as wide as long 

Nanomutilla 

GEOGRAPHICAL DISTRIBUTION 

The subfamily occurs in the southern 
Palaearctic, Afrotropical and Oriental 

Regions. The tribes differ in distribution 

only in that Ticoplini have not yet been 
found in the Oriental Region. Brothers 

(1975) proposed that the Ticoplinae 
arose in eastern Central Africa, and from 

there spread northwards to the Mediter- 
ranean region, southwards into southern 

Africa and eastwards to the Indian plate, 

while it was still in contact with Africa 

or very close to it, i.e. at least about 80 

million years ago (Smith, Hurley and 

Briden 1981). However, this does not ac- 

count for the apparent absence of Tico- 

plinae from Madagascar, as reflected by 

at least two recent collecting expeditions 

there (from the Natural History Museum 

(London) and the University of Kansas) 

which have failed to come up with any 

specimens, despite their emphasis on 

Hymenoptera. 
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APPENDIX 1 

Characters used for cladistic analysis of genera of 

Ticoplinae. Suffixes: B = applicable to both sexes, F 

= female only, M = male only. Primitive states coded 

as 0), derived states as 1 or 2. All characters consid- 

ered additive. 

1B. Eye pubescence. 0 = Present, visible at 20x 

magnification. 1 = Absent, although pores 

and/or very sparse short setae may be distin- 
guishable under high magnification. (State 0 

is found in most Tiphiidae (Brothers 1975), 

Fedtschenkiinae (Sapygidae), Myrmosa and 
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Myrmosula; since almost all Pseudophotopsi- 

dinae and all other mutillids lack eye pubes- 

cence, state 1 has most likely evolved inde- 

pendently within the Ticoplinae.) 

2B. Antennal tubercles. 0 = Separate although 

closely approximated, not joined by a straight 

transverse ridge, scarcely protruding. 1 = 

Fused medially, joined by a straight trans- 

verse ridge, distinctly protruding. 

3B. Pronotum, dorsal and anterior faces. 0 = 

Smoothly and evenly merging, without a 

transverse carina. 1 = Sharply separated by a 

distinct transverse carina, at least laterally. 

(Of the out-group genera, Pseudophotopsis has 

state 0, Dasylabris has state 1, while Myrmosa 

and Myrmosula appear variable. As none of 

the out-group taxa have state 1 developed as 

strongly as in the in group, this state is con- 

sidered apomorphic.) 

4B. Propodeum, disc and declivity distinction. 

0 = Smoothly merging, not distinct. 1 = Dis- 

tinct, in different planes. 

5B. Felt line on metasomal sternum 2. 0 = Ab- 

sent. 1 = Present. (Brothers (1975) stated that 

. the tendency toward development of 

[tergal] felt lines is considered to have been 

established after the divergence of the Myr- 

mosinae’’ which have neither tergal nor ster- 

nal felt lines (like the Rhopalomutillinae, in 

which traces of tergal felt lines are present in 

only a few males). Referring to the phylogeny 

of the Mutillidae (Fig. 1) this indicates that 

the actual development of tergal felt lines has 

apparently occurred on two occasions, once 

in Pseudophotopsis and again on internode 4— 

5. Similarly, when considering sternal felt 

lines, which are present in Pseudophotopsis, 

Smicromyrmilla and sporadically within taxa 

derived above Rhopalomutillinae, it is most 

parsimonious to consider felt lines to have 

been developed independently on several oc- 

casions. Thus, absence of felt lines is plesiom- 

orphic for the Ticoplinae.) 

6M. Eye, inner margin shape. 0 = Shallowly 

emarginate at or below mid height. 1 = 

Strongly notched above mid height. 

7M. Scape, ventral longitudinal carinae. 0 = 

One (lateral). 1 = Two (mesal and lateral). 

(Primitively, there is only one longitudinal ca- 

rina on the scape, or none. Although Dasyla- 

bris has two carinae, this appears to have 

been derived separately in many higher taxa.) 
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8M. Ratio of tegula length to mesoscutum 

length. 0 = <.0,60: 1 = > 0,75. 

9M. Scutellum, posterior margin. 0 = Abutting 

metanotum. 1 = More or less lamellate and 
overhanging metanotum. 

10M. Scutellum and dorsellum, profile. 0 = On 

essentially the same plane. 1 = On two dis- 

tinct planes. (State 0 is found in all out-group 

taxa except for Dasylabris.) 

11M. Propodeum, fields. 0 = Three small fields 

on anterior half defined by weakly developed 

carinae, Many mini fields on posterior half. 1 

= Five large fields defined by very well de- 

veloped carinae. 2 = Three very large fields 

defined by well developed carinae. (This 

character was treated as additive because the 
states are complex, with state 1 appearing to 

be intermediate between 0 and 2.) 
12M. Propodeum, extent of disc and declivity. 

0 = Disc about as long as declivity height. 1 

= Disc at least 1.5 as long as declivity 
height. 

13M. Metasomal sternum 2, short median lon- 

gitudinal basal carina. 0 = Absent. 1 = Pre- 

sent, 

14M. Hypopygium, apical margin. 0 = Shal- 

lowly emarginate or notched. 1 = With deep 

narrow median split. (State 0 is the more sim- 

ilar to the conditions in all the out-group taxa; 

state 1 is unique in Mutillidae.) 
15M. Penis valve, relative length. 0 = < 0.60 

as long as paramere. 1 = > 0.75 as long as 

paramere. (State 0 is found in Myrmosa and 

Pseudophotopsis, despite the highly derived, 

spinose state of the penis valve in the latter 
subfamily; while Dasylabris has state 1, this 

has probably been separately derived.) 

16M. Paramere curvature. 0 = Straight. 1 = 

Apex strongly curved ventrally. 
17F. Eye size. 0 = Large (eye height > 0.60 

head height) with > 400 small ommatidia. 1 

= Small (eye height < 0.50 head height) 

with < 100 large ommatidia. 

18F. Propodeum, posterolateral spines. 0 = 
None. 1 = One. 2 = At least two. (None of 

the out-group genera has spines on the de- 

clivity; the development is postulated as pro- 

gressive, the character thus being regarded as 

additive.) 
19F. Propodeum, lateral carinae. 0 = No dis- 

tinct carinae. 1 = Distinct obliquely trans- 

verse carinae extending posterolaterally. 

20F. ‘Auricle’ (Brothers 1975) at base of first me- 
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tasomal tergum. 0 = Forming slight rounded 
protuberance. 1 = Forming prominent lamel- 

late or spinose protuberance. (These struc- 
tures are absent in females of Myrmosinae, 

fairly well developed in Pseudophotopsidi- 
nae and well developed elsewhere although 
generally not so prominently as in Smmicro- 

myrmilla females.) 

21F. Pygidium. 0 = No defined pygidial area 

or plate. 1 = Distinct glabrous pygidial area 
present. (There is no pygidial area in Myr- 

mosinae, but such an area is present in most 

other Mutillidae, including the other out- 

group representatives, although it varies con- 

siderably in form. The suggested polarity was 

thus considered the more likely to be correct.) 
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Abstract—The oviposition behavior of Microctonus hyperodae Loan and M. aethiopoides Loan (Hy- 

menoptera: Braconidae: Euphorinae) was observed in laboratory tests involving two host species, 

Listronotus bonariensis (Kuschel) and Irenimus aequalis Broun (both Coleoptera: Curculionidae). The 

parasitoids exhibited similar behaviors to one another and towards the two hosts, but M. aethio- 

poides attempted to oviposit more frequently and oviposited less successfully. About 66% of ovi- 

position attempts occurred near the host’s anus and 33% occurred near the mouth, of which 8% 

and 3%, respectively, were successful. On rare occasions, oviposition was attempted near a host’s 

eye, antenna, leg or thorax, but such attempts always failed. Successful oviposition was charac- 

terized by insertion of the parasitoid ovipositor followed by tapping of the host with one or both 

antennae and, in the case of L. bonariensis, about 60s of host hyperactivity. Parasitoids were unable 

to oviposit in motionless hosts, but the hosts did not appear to exploit this as a means of defence. 

Microctonus hyperodae searched segments of ryegrass more often than M. aethiopoides, but neither 

species appeared attracted to host frass. 

The genus Muicroctonus (Hymenoptera: 

Braconidae: Euphorinae) has a cosmopol- 

itan distribution and comprises more than 

40 species (Shaw 1985). Microctonus spe- 
cies attack adult insects in at least six fam- 

ilies of Coleoptera, and several species are 

of economic significance because they par- 
asitize coleopteran pests (Abu and Ellis 
1976, Drea ef al. 1972, Goldson, McNeill, 
Proffitt et al. 1993). 

The life cycle of Euphorinae in general 
has been summarised by Shaw and Hud- 
dleston (1991). Microctonus species, like 

other Euphorinae, have the distinctive 

habit of attacking hosts by bending the 
gaster downwards and forwards between 
the legs, with the ovipositor extended un- 

der the thorax and beyond the head to- 

wards the target. There are solitary and 
gregarious Microctonus species and, in this 

genus, the female oviposits in a beetle 
(usually the adult), whereupon the im- 

mature parasitoid develops through five 
larval instars (Loan and Holdaway 1961a) 

within the active, living host. The mature 

parasitoid larva then emerges from the 
host to pupate, while the beetle dies. 
Many euphorine females have larger 

eyes than males which suggests vision 

may be important to oviposition (Shaw 
1985). This was supported by research that 

indicated host shape and color influenced 
oviposition by Dinocampus coccinellae 
(Schrank) (Richerson and DeLoach 1972, 

Walker 1961). Dinocampus coccinellae also 

appeared to respond to olfactory cues (Se- 
myanov 1981). Host movement may stim- 

ulate oviposition by some species includ- 
ing Microctonus vittatae Muesebeck (Smith 

1952) and Microctonus disonychae Loan 

(Loan 1967). 

Several host species have exhibited de- 
fensive behaviors, such as jumping or fly- 
ing, when being attacked by either M. vit- 
tatae (Smith 1952, Wylie and Loan 1984), 

M. aethiopoides Loan (Munro and Post 

1948), or M. eleodis (McColloch 1918). Mi- 

croctonus aethiopoides (Loan and Holdaway 
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1961la) and M. vittatae (Smith 1952, Wylie 

and Loan 1984) were sometimes forced by 

the host’s hard integument to attempt ovi- 

position repeatedly before successfully 
penetrating into the host’s hemocoel. Mi- 

croctonus species have been observed ovi- 
positing in membranous areas of the host 

near the caudal end of the abdomen (Loan 

1960, 1963, 1967, Loan and Holdaway 

1961a), in or near the mouth (Wylie 1985, 

Wylie and Loan 1984) and, in the case of 

M. apiophaga Loan, through the base of an 
antenna (Freeman 1967, Loan 1974). Fe- 

males usually deposited a single egg free 
in the hemocoel of the host (Loan 1960, 

Smith 1952, Wylie 1985), although an egg 
was not always laid when the ovipositor 
was inserted (Loan 1967, Loan and Hol- 

daway 1961a, Wylie 1985). Egg deposition 
occurred in less than a few seconds (Loan 

1960, Smith 1952). 

Microctonus hyperodae Loan is thelyto- 
kous and M. aethiopoides is arrhenotokous. 
Both are solitary. M. liyperodae is native to 
South America (Loan and Lloyd 1974) and 

was introduced to New Zealand in 1991 

to assist management of Listronotus bon- 

ariensis (Kuschel) (Coleoptera: Curculioni- 

dae) (Goldson, McNeill, Proffitt et al. 

1993), a major pest of Graminae in New 

Zealand (Goldson et al. 1998). Microctonus 

hyperodae parasitizes several non-target 
species in the laboratory, particularly the 
New Zealand native Irenimus aequalis 
(Broun) (Coleoptera: Curculionidae) 

(Goldson ef al. 1992), but post-release 

monitoring has indicated it is restricted to 

L. bonariensis in the field (Barratt et al. 

1997). 

Microctonus aethiopoides is widely dis- 

tributed in Europe and has also been in- 

troduced to North America (van Driesche 

and Gyrisco 1979), Australia (Aeschli- 

mann 1983) and New Zealand (Goldson, 

McNeill, Proffitt et al. 1993) to assist con- 

trol of weevils of the genera Sitona and 

Hypera which are pests of Fabaceae. New 
Zealand’s M. aethiopoides population is 

thought to have originated from Morocco 
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and possibly Greece (Aeschlimann 1983, 
1995) and has suppressed its target, Sitona 

discoideus Gyllenhal, which is a pest of lu- 

cerne (Goldson et al. 1990, Kean and Bar- 

low 2000). Microctonus aethiopoides also at- 
tacks 13 non-target species in New Zea- 
land, including I. aequalis and L. bonariensis 
(Barratt et al. 1997, 2000). Another Euro- 

pean strain of M. aethiopoides has recently 
been imported to New Zealand quaran- 
tine where its suitability for use in a bio- 
logical control programme against a clo- 
ver pest, Sitona lepidus Gyllenhal, is being 

examined (Goldson et al. 2001, Phillips et 
al. 2000). 

This paper reports observations of the 
oviposition behavior of M. /ryperodae and 
M. aethiopoides, in two of their host species, 
L. bonariensis and I. aequalis. The oviposi- 
tion behavior of M. /typerodae has not pre- 
viously been reported, while that of M. ae- 
thiopoides has only been briefly noted 
(Loan and Holdaway 1961a, Munro and 

Post 1948). 

MATERIALS AND METHODS 

Insects were contained in plastic arenas 

(35 x 35 X 8 mm) covered with colorless 

glass (40 x 40 x 1 mm) and ventilated by 
pricking 3-5 holes in each side wall with 
a minuten pin. Arenas were replaced after 
every test. Two 20 mm long segments of 

ryegrass leaf (Lolium multiflorum Lam. cv. 
Tama) grown in a greenhouse and not 
previously exposed to weevils or parasit- 
oids were secured in the arena by cutting 
one or two slits in the wall of the container 

with a scalpel and inserting one end of 
each segment in a slit. This restricted 
movement of the grass during weevil 

feeding and minimised possible disrup- 
tion to parasitoid activity. All observations 

involved one adult parasitoid female and 

two conspecific adult weevils. Differences 
in size and coloration enabled weevil in- 

dividuals to be distinguished during an 

observation. 
Video equipment was used to create an 

enlarged image (up to c. 40x magnifica- 
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tion) of the insects and to make recordings 

of their behavior. This equipment consist- 
ed of a video camera (JVC TK-1280E) 

equipped with a macro lens (AF Micro- 

Nikkor 60 mm f/2.8) mounted on a stand 

with vertical adjustment (Kaiser RS 2 
5410), a video monitor (JVC TM-1500PS) 

and a video recorder (Panasonic NV-FS88 

FAC)). 

A computer program was coded in Tur- 
bo Pascal, version 7.0 (Borland Interna- 

tional 1992) which enabled a computer to 

be used as an event recorder. Essentially, 

this involved assigning computer key- 
board buttons to pre-defined behavioral 

events. When an assigned key was 

pressed, the time (from the DOS computer 
clock) and occurrence of the event was re- 

corded in a file and displayed on the com- 

puter monitor. 

Behaviors Quantified Using Event Recorder: 

Abdomen Strike.-—Parasitoid faced the 

apex of a weevil’s abdomen and at- 
tempted to insert the ovipositor be- 
tween the elytra and pygidium. 
The distal end of the ovipositor ap- 
peared to touch, or be within 2 mm 
of, the weevil. 

Antennation.—Parasitoid touched the 

weevil with one or both antennae. 

Head Strike.—Parasitoid faced either 

the head or thorax of a weevil, and 

attempted to insert the ovipositor 

in parts of the weevil’s head other 
than its mouth, including the ante- 

rior margin of the pronotum. The 
distal end of the ovipositor ap- 
peared to touch, or be within 2 mm 

of, the weevil. 

Mouth Strike-—Parasitoid faced either 

the head or the thorax of a weevil, 

and attempted to insert the ovipos- 

itor in or about the weevil’s mouth. 

The distal end of the ovipositor ap- 
peared to touch, or be within 2 mm 

of, the weevil. 

Oviposition Likely.—Parasitoid ovipos- 

itor penetrated the host. 
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Parasitoid-weevil encounter—A_ para- 

sitoid appeared to respond to a 
weevil. 

Searched Ryegrass.—Parasitoid walked 
on ryegrass while tapping it with 
its antennae. 

Stalking Ceased.—Parasitoid ceased 
pursuit of a moving weevil, or 

moved away from a motionless 

weevil which it had previously 

been stalking. 

Stalking.—A parasitoid pursued a 
moving weevil, or remained within 

5 mm of a stationary host and ap- 

peared to observe it. 
Thorax Strike.—Parasitoid faced either 

the head or thorax of a weevil, and 

attempted to insert the ovipositor 

in the weevil’s thorax, including 

the basal margin of the pronotum. 

The distal end of the ovipositor ap- 

peared to touch, or be within 2 mm 

of, the weevil. 

Data analysis.—The event count data 
were analysed using the statistical pack- 
age Genstat (v. 5.42) with a general linear 

model and a Poisson error distribution 
(McCullagh and Nelder 1983). An offset 
(Genstat 5 Committee 2000) was used to 

account for the varying durations of the 
observations. The significances of differ- 
ences between observations in event 
counts were tested using log likelihood ra- 
tios (McCullagh and Nelder 1983). 

Source of insects.—Adults of L. bonariensis 
and I. aequalis were swept from pasture in 
Canterbury, New Zealand. Microctonus ae- 
thiopoides used in the observations were 
reared from L. bonariensis and I. aequalis as 
described by Goldson, McNeill, Proffitt et 
al. (1993). Microctonus hyperodae were ob- 
tained from a laboratory culture at Ag- 
Research, Lincoln (Goldson, McNeill, 

Proffitt et al. 1993). 

RESUS 

The number of observations and the to- 

tal time spent observing each of the four 
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Table 1. Number of observations, observation time and frequency data (+ SE of mean) for each combi- 

nation of parasitoid and host species. 

Leen 

Listronotus bonariensis Irenimus aequalis 

Microctonus Microctonus Microctonus Microctonus 
hyperodae aethiopoides hyperodae aethiopoides 

Observations (n) 101 10 32 8 

Total observation time 48 5 10.5 3.5 

(hours) 

Oviposition attempts o7 2 127, 2316 2 6 18.0 + 5.1 
(per hour) 

Ovipositor insertions 0.7 + 0.1 #1023 0.210 1.5 + 0.6 

(per hour) 

Abdomen strikes (per hour) 6:3" 2510°7, 8/ = 2 L208 13.4 + 3.8 

Ovipositor insertions 0.41 + 0.1 0:21.02 0.10 + 0.1 0.87 + 0.4 

via abdomen (per hour) 

Ovipositions via 12 0 0 2 

abdomen confirmed (n) 

Thorax strikes (per hour) OW 0102 ) 0.2 + 0.06 0 

Mouth strikes (per hour) 1.4 + 0.2 mile L706 3:6-2= 15 

Ovipositor insertions 0)2°= 70.03 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 

via mouth (per hour) 

Ovipositions via mouth 6 0 ) 1 

confirmed (n) 

Returns to weevil to 0.23 = 0:05 ) 0.1 0:07 0.29 + 0.2 

antennate (per hour) 

combinations of parasitoid and host spe- 
cies is presented in Table 1. The mean 
temperature during the observations was 
227@ (range 16=30°C). 

In the following, the word ‘parasitoid’ 
is used when describing behaviours ob- 
served in both M. hiyperodae and M. aethio- 
poides. Similarly, ‘weevil’ is used when de- 

scribing behaviours observed in both L. 
bonariensis and I. aequalis. Species names 
are used when describing behaviours that 
differed between species. 

Host searching.—Microctonus hyperodae 
searched ryegrass 1.2 + 0.2 times per hour 
(TPH), while M. aethiopoides searched it 

significantly less frequently (0.1 + 0.2 
TPH, P = 0.003). Microctonus hyperodae 
searched ryegrass by walking along the 
leaf segment while tapping it repeatedly 
with its antennae. Plant material which 
was damaged either mechanically or by 
weevil feeding was searched particularly 
thoroughly. Parasitoids usually paid no 
attention to frass deposited by weevils in 
the container. The single exception was a 

M. hyperodae that investigated fresh I. ae- 
qualis frass in a manner similar to that ob- 
served when M. /iyperodae searched dam- 

aged sections of ryegrass. 
A parasitoid often seemed initially to ig- 

nore the two weevils confined with it, and 
sometimes groomed until a host ap- 
proached it. This is indicated by the mean 
of 149 + 19 s which elapsed until the first 
encounter between a parasitoid and wee- 
vil. Encounters occurred a mean of 13.2 + 

0.4 TPH, and weevils initiated these a 

mean of 3.4 + 0.2 TPH. Once a parasitoid 
was within 5 mm of a moving weevil, it 
seldom disregarded it and usually began 
to stalk it at least for several seconds and, 

in some cases, for several hours. Parasit- 

oids occasionally appeared aware of a 
weevil’s presence prior to seeing it, where- 
upon the parasitoid searched the container 
while rapidly waving the antennae back- 
wards and forwards and moving the head 
from side to side. 

Host recognition and acceptance.—A par- 

asitoid appeared to detect a weevil from 



330 

5-15 mm away, whereupon it faced the 
potential host with its antennae nearly 
motionless and directed towards the wee- 
vil. The parasitoid then approached the 
weevil in an alert and cautious manner 
until the two insects were less than the 
length of a parasitoid antenna apart. Par- 
asitoids approached weevils from all an- 
gles, although typically they advanced to 
the weevil’s side and extended one anten- 
na to the weevil’s head and the other to 

its caudal apex. 
A parasitoid tapped a weevil with an 

antenna a mean of 6.2 + 0.3 TPH. This 

varied from a single very rapid strike at 
the weevil with one antenna, to a thor- 

ough exploration of its surface with both 
antennae and, hereafter, is referred to as 

‘antennation’. In six tests, a parasitoid 

grasped a beetle’s abdomen with its fore- 
legs and antennated the host assiduously 
(observed with all species-combinations 

except M. aethiopoides/1. aequalis). The par- 
asitoid antennated the host then ceased 

stalking it a mean of 3.0 + 0.2 TPH. 
A motionless weevil usually adopted a 

crouched position with its ventral surface 
touching the substrate on which it was 

resting. The parasitoid did not attempt to 
oviposit when confronted with a motion- 

less weevil, but often continued to observe 

it from about 5 mm away while facing the 
host’s head or the apex of its abdomen. 
Sometimes the parasitoid moved from one 

position to the other while waiting for an 

opportunity to oviposit. Any slight move- 
ment of the weevil resulted in an imme- 

diate response by the parasitoid whereby 
it adjusted its position slightly and began 
to bring the ovipositor forward. The par- 
asitoid sometimes groomed as it watched 
the weevil and occasionally tapped it with 

an antenna. This attentive monitoring of a 

stationary weevil lasted for up to three 
hours. A parasitoid occasionally left a mo- 
tionless weevil almost immediately, or 
abandoned a motionless target for a mov- 

ing one. Parasitoids abandoned one host 

to pursue another a mean 4.5 + 0.3 TPH, 
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and gave up pursuit for no apparent rea- 

son a mean of 7.8 + 0.3 TPH. 
A weevil usually showed no response to 

parasitoid antennation or oviposition at- 
tempts. On the three occasions a weevil 
appeared to defend itself (I. aequalis = 2, 
L. bonariensis = 1), it kicked or prodded 

the parasitoid with a leg, but this did not 
deter further attempts at parasitism. Once, 
a M. hyperodae appeared to begin to insert 
its Ovipositor in or near the eye of a L. 
bonariensis, whereupon the weevil imme- 
diately lowered its head, withdrew it into 
the thorax as far as possible, and lowered 
its antennae, thus resisting the oviposition 

attempt. 

Oviposition.—The ovipositor often ap- 
peared to be used to probe and search the 
weevil’s exterior for an opening. The par- 
asitoid was able to manipulate its abdom- 
inal muscles and sheaths to direct the ovi- 
positor very precisely. When directing the 
ovipositor, the parasitoid’s eyes were di- 
rected at the part of the host into which it 
was attempting to oviposit. As the ovi- 

positor was pushed forwards, the anten- 

nae moved backwards in a_ reciprocal 
manner. Parasitoids only attempted to 

oviposit in weevils that were active (Le., 
walking, grooming, feeding, defecating or 
initiating mating). Although parasitoids 
were observed attempting to oviposit as 
two weevils were initiating mating, no 
parasitoid inserted its ovipositor into a 
host that was copulating. Parasitoids ap- 
peared undeterred by weevils that had 
lost a leg segment. 

Parasitoids attempted oviposition 9.7 + 
0.4 TPH, but the ovipositor was only in- 
serted 0.7 + 0.1 TPH. Although M. hyper- 
odae attempted oviposition in L. bonariensis 
less often than M. aethiopoides (Table 1, P 
= 0.02), it inserted its ovipositor more of- 

ten (Table 1, P = 0.02). Microctonus aethio- 

poides attempted to parasitize I. aequalis 
more frequently than M. Iryperodae (Table 
1, P = 0.02), and also inserted its ovipos- 

itor into I. aequalis more frequently (Table 
1, P = 0.02). 
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With both host species, M. aethiopoides 
made more abdomen strikes than M. /iy- 

perodae (Table 1, P = 0.01), but was more 
successful at inserting the ovipositor via 
the abdomen only of I. aequalis (Table 1, P 

= 0.04). Oviposition was confirmed after 
ovipositor insertion had been observed in 
fourteen of the seventeen cases checked 
(Table 1; six ovipositions by M. hyperodae 
and one by M. aethiopoides confirmed by 
maintaining the host until parasitoid 
emergence, remainder confirmed by dis- 
section of the host). Each larva was found 

in the host abdomen during dissections. 
Abdomen strikes were observed during 

all forms of weevil activity, particularly 

when weevils were walking and_ also 
shortly after they had stopped walking 
(e.g., to groom). A parasitoid pursued a 

walking weevil with the ovipositor either 
in an egg-laying position, or in a non-ovi- 

positional stance. The parasitoid often ap- 
peared unable to force the ovipositor be- 
tween sternite VI and the apical margin of 
the weevil elytra. In four tests, the weevil 
(L. bonariensis = 3, I. aequalis = 1) drew its 

elytra down during an ovipositor inser- 
tion and the M. lyperodae ovipositor ap- 
peared to become jammed underneath it. 
In these cases, the M. lyperodae beat its 
wings while trying to withdraw its ovi- 
positor, and the weevil attempted to move 
in the opposite direction. The M. hyperodae 
and weevil both seemed agitated for c. 30 
s after the ovipositor was withdrawn, but 
appeared unharmed. 

Microctonus hyperodae, but not M. aethio- 
poides, attempted oviposition in the tho- 

racic region of both host species (Table 1, 

P = 0.01). In the clearest case, the ovipos- 

itor was directed about the weevil’s me- 
sepisternum or prosternum. These at- 

tempts usually took the form of one or 
more rapid thrusts with the ovipositor, 
rather than the slower probes that were 
more typical. Some oviposition attempts 
in the thoracic region occurred while the 
weevil was walking in which case the M. 
hyperodae crabbed sideways remaining 
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abreast of the host. No oviposition at- 
tempts in the thoracic region resulted in 
Ovipositor insertion. Two M. hyperodae 

tried unsuccessfully to insert the oviposi- 
tor between two segments of a L. bonarien- 
sis leg, at the distal end of a basitarsus. 

Parasitoids attempted to oviposit in, or 

about, the mouth of weevils 1.7 + 0.2 

TPH, and these attempts occurred while 
hosts were feeding, walking, and groom- 
ing. With both host species, M. aethiopoides 

attempted more mouth strikes than M. ly- 
perodae (Table 1, P = 0.02). Despite this, M. 

aethiopoides was less successful than M. /iy- 
perodae at inserting the ovipositor into the 
mouth of L. bonariensis (Table 1, P = 
0.001). Ovipositor insertion into the weevil 
mouth was confirmed by dissection to 
have resulted in egg deposition in each of 
the seven cases checked (Table 1). Each M. 

hyperodae larva was found in the L. bonar- 
iensis abdomen, while the M. aethiopoides 
larva was found in the I. aequalis thorax. 

Parasitoids were relatively successful at 
inserting their ovipositors into the mouths 
of hosts that were feeding. To achieve this, 
a parasitoid positioned itself adjacent to 
either the host head, the pronotum, or the 
basal end of the abdomen, and then ex- 
tended its ovipositor underneath the wee- 
vil, between and beyond its legs, towards 
its mouth. While the weevil fed, the par- 
asitoid positioned its ovipositor in the vi- 
cinity of the weevil’s mouth. As the weevil 
grazed, it moved its mouth backwards 

and forwards along the grass surface, and 
it appeared in some cases that it inadver- 

tently attempted to eat the end of the par- 
asitoid ovipositor. In other cases, the par- 
asitoid thrust its ovipositor forward at the 

mouth. 
A weevil was also at risk from parasit- 

ism through the mouth when grooming 
an antenna. The weevil groomed an an- 

tenna by laying it down, stepping on it 

with a foreleg, then pulling it through the 

spurs at the tip of the protibia by drawing 
the head upwards and backwards. This 
was repeated numerous times during a 



grooming session and, as the weevil’s 

head moved up and down, an attendant 
parasitoid was provided with the oppor- 
tunity to deposit an egg via the weevil’s 
mouth. 

Attempts by parasitoids to oviposit in 
the mouth of a walking weevil were made 

by facing the host’s head whilst walking 
backwards ahead of it and making a series 

of thrusts with the ovipositor. Such efforts 
appeared rather incidental and did not re- 

sult in ovipositor insertion. The ovipositor 
occasionally appeared to be directed more 
towards either the posterior margin of the 

weevil’s eye, the membrane between the 

head and pronotum, or the base of an an- 

tenna. 

When feeding, L. bonariensis devoured 

the upper surface of ryegrass leaf and left 
the lower epidermis intact which resulted 

in a characteristic window pane effect in 

damaged leaves. One M. /iyperodae at- 
tempted repeatedly, but unsuccessfully, to 

insert its ovipositor through the lower epi- 
dermis of the leaf into the weevil’s mouth 

as it was feeding. 

When ovipositing, the parasitoid thrust 
its ovipositor forward, while its abdomen 

momentarily became distended and the 

antennae were oriented backwards almost 

horizontally over the folded wings. The 
parasitoid shook slightly as if straining to 

extend its ovipositor to its maximum ex- 

tension. The ovipositor was inserted for 

less than a second then withdrawn, 

whereupon the parasitoid moved its an- 
tennae near to and eventually touching 

the weevil, usually about the dorsal sur- 

face of the abdomen. This behavior was 

particularly striking as the antennae 
would palpitate rapidly over the weevil as 

well as often on the ryegrass or plastic on 

which it was standing. An antenna some- 

times touched a host leg, or tarsus, at 

which the weevil sometimes responded by 
moving its leg, or walking away. After c. 
30 s (range 5-80 s), the parasitoid abruptly 
finished antennating, then turned away 
and groomed the ovipositor with the hind 
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legs, or the antennae with the forelegs. A 

parasitoid sometimes remained c. 8 mm 

from the host for c. 60 s (range 0-120 s), 

before leaving to search or groom else- 
where. 

Following 29% of ovipositor insertions 
(n = 45), the parasitoid left the weevil then 

returned to it at least once (range 1-3 

times) to briefly antennate it (Table 1). 

This behaviour was observed with all in- 

sect-combinations except M. aethiopoides 
and L. bonariensis (Table 1). The mean time 

between leaving the weevil and the sub- 
sequent antennation was c. 6 minutes 

(range 11 s—25 minutes, n = 13). After 24% 

of ovipositor insertions, the parasitoid re- 

turned and attempted to oviposit again, 
although two successful ovipositor inser- 
tions in one weevil by the same parasitoid 
individual never occurred. A parasitoid 

stalked a new host as little as 60 s after an 

ovipositor insertion. 
Host response to oviposition.—Sometimes 

there was no immediate response to par- 
asitoid ovipositor-insertion, while, on oth- 

er occasions, the newly parasitized weevil 
abruptly discontinued an activity (¢.¢., 
grooming) and raised its head for several 
seconds. Of seven confirmed ovipositions 

via the mouth (Table 1), immediate re- 

sponses were observed four times (M. /1y- 

perodae and L. bonariensis, n = 3; M. aethio- 

poides and I. aequalis, n = 1). The weevil 
stopped eating, the head was raised, the 
antennae were withdrawn into the scrobes 

and the head was moved from side to side 

for 20-45 s. 

About 30-60 s after ovipositor insertion, 

a newly parasitized L. bonariensis (n = 18) 

began walking quickly back and forth in 
a seemingly disoriented fashion, stopping 
sporadically to groom its antennae and 
rostrum with its forelegs. This continued 
for 100-220 s, whereupon it resumed nor- 

mal pre-ovipositor insertion behavior. I. 

aequalis did not respond in this way after 
parasitoid ovipositor insertion (n = 3). 

Recognition of oviposition—Each time 

parasitoid oviposition was confirmed (n = 
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21), the following sequence of events oc- 
curred. The parasitoid inserted its ovipos- 
itor into the host for up to 1 s either near 
the caudal end of the abdomen or about 
the mouth, while the antennae were ori- 
ented backwards almost horizontally over 
the folded wings. The ovipositor was then 
withdrawn and the antennae brought for- 
ward very close to the host, eventually 
touching it. The weevil was always tapped 
with an antenna at least once, and was of- 
ten antennated thoroughly. About 45 s af- 
ter M. hyperodae had withdrawn its ovi- 
positor, L. bonariensis (n = 18), but not I. 

aequalis (n = 2), became hyperactive for up 
to 220 s, whereupon the M. /iyperodae dis- 
continued stalking and turned away. The 
M. hyperodae often returned to antennate 

or stalk the newly parasitized weevil, but 
did not usually re-attempt oviposition. 

In three out of 24 cases, weevils were 
maintained after parasitoid ovipositor in- 
sertion was observed, but no immature 

parasitoids were found. Two such ‘non-re- 
productive’ ovipositor insertions occurred 
when the M. /lyperodae ovipositor ap- 
peared jammed in a weevil abdomen (I. 
aequalis = 1, L. bonariensis = 1) and once 
when the M. lyperodae ovipositor was in- 
serted into the abdomen of an I. aequalis 
as it was defecating. Parasitoid antenna- 
tion and L. bonariensis hyperactivity did 

not occur in these cases. 

DISCUSSION 

Microctonus hyperodae and M. aethiopo- 
ides appeared to use their eyes and anten- 
nae when searching and ovipositing 
which was consistent with earlier evi- 
dence that visual and volatile chemical 
cues are important in host finding and 
oviposition by Euphorinae (Semyanov 
1981, Walker 1961). Both parasitoid spe- 
cies often encountered stationary weevils 
and then monitored them attentively, thus 
suggesting host movement may not be as 
important to them for host recognition as 
has been postulated for some other eu- 
phorines (Loan 1967, Smith 1952). 
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Microctonus hyperodae and M. aethiopo- 
ides often touched weevils with one or 
both antennae upon encountering them. 

This is similar to the behavior of D. cocci- 
nellae (Bryden and Bishop 1945, Semyanov 
1981, Sluss 1968), but did not seem to con- 

stitute an attempt to make the host move 

as suggested for D. coccinellae (Sluss 1968). 
Stationary weevils touched by a parasitoid 
antenna never responded, even when they 
were antennated assiduously. Further- 
more, M. hyperodae and M. aethiopoides al- 
most always touched a weevil with an an- 
tenna even if the host was already mov- 
ing. Antennation, therefore, seemed more 
likely to be part of the host recognition or 
host acceptance process. 

Microctonus hyperodae and M. aethiopo- 
ides were unable to oviposit in weevils 
which had adopted their typical resting 
position. This strongly supported earlier 
suggestions that motionless hosts are pro- 
tected from parasitism (Balduf 1926, Fusco 

and Hower 1973, Richerson and DeLoach 
1972). In contrast, weevils seemed most 

susceptible to parasitism when feeding 
and grooming. During these activities, the 
weevil’s mouth and the caudal end of its 
abdomen remained exposed for parasitoid 
oviposition, while its movements were 

sufficiently minor to allow a parasitoid to 
oviposit. A weevil seemed less susceptible 
to parasitism when walking than when 
feeding or grooming because its more 

coarse movements meant that a stalking 
parasitoid could not insert its ovipositor 
as readily. A L. bonariensis female would 
probably also be vulnerable to parasitism 
while preparing to oviposit because it 
spends c. 200 s chewing a hole in a grass 
tiller into which to deposit an egg (Pilk- 

ington 1987). (In New Zealand, gravid L. 

bonariensis females from the autumn gen- 

eration are sufficiently long-lived to sup- 

port the larval development of M. /typero- 

dae and M. aethiopoides (Goldson et al. 

1998).) 

That L. bonariensis is susceptible to par- 
asitism only when it is active suggests 
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there should be a relationship between 
parasitism rates and L. bonariensis feeding 
and oviposition. Field data are consistent 
with this idea because ryegrass infected 
with the endophytic fungus Neotyphodium 
lollii (Latch, Christensen and Samuels) 

Glenn, Bacon, Price and Hanlin is resistant 

to feeding and oviposition by L. bonariensis 
owing to the presence of the alkaloid per- 
amine (Rowan and Gaynor 1985), and the 

peramine content of ryegrass was found in 
field trials to have a significant, inverse, 

linear effect on rates of parasitism of L. 
bonariensis by M. hyperodae (Goldson et al. 
2000). The relationship between parasit- 
ism and L. bonariensis feeding also sug- 
gests that the use of plants should be care- 
fully evaluated both when culturing par- 
asitoids and when designing laboratory 
experiments for pre-release tests of the ef- 
ficacy and host range of entomophagous 
biological control agents (e.¢., Barratt et al. 
1929); 

Listronotus bonariensis and I. aequalis did 

not exploit the parasitoids’ inability to ovi- 
posit in motionless weevils as a means of 

defence. Indeed, with very rare possible 

exceptions, weevils did not display any 
defensive behavior at all when threatened 
by parasitism. (It is reasonable to consider 

the possibility of I. aequalis having a de- 
fensive behavior against Microctonus spe- 
cies since it coevolved with M. zealandicus 
in New Zealand (Shaw 1993).) This ab- 

sence of defensive behaviours differs from 
most other hosts of Euphorinae (Bryden 

and Bishop 1945, Wylie and Loan 1984), 

although not Sitona cylindricollis Fahraeus 
(Loan and Holdaway 1961b). In contrast 

to the results of the present study, how- 
ever, observations of L. bonariensis on up- 
right, potted ryegrass plants showed that 
the weevils fed less and moved off the fo- 

liage towards the soil when M. Iyperodae 
was present (Gerard 2000) and that this 

effect persisted throughout the night (Phil- 
lips, unpublished data). Weevils in the vi- 
cinity of a parasitoid also exhibited eva- 
sive, rapid walking behavior (Gerard 
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2000). The manifestation of probable de- 

fensive behaviours in one test environ- 
ment, but not another, suggests that a fac- 
tor as simple as the orientation of plant 
material in a cage could influence the re- 
sults of experiments examining parasitoid 
efficacy and host range, and that consid- 
erable preliminary work may be required 
to design robust experiments. 

The response of L. bonariensis to parasit- 
oid oviposition whereby it became hyper- 
active and appeared disoriented has not 
previously been recorded for hosts of Mi- 
croctonus species, but was consistent with 

the response of some Coleoptera to ovi- 
position by some other euphorines (Jack- 
son 1928, Sluss 1968). Reasons for such 

host responses are unknown, but could be 
associated with compounds injected with 
the egg to assist in suppression of the host 
immune system (Stoltz 1986, Vinson 1990, 

Wharton 1993). Irenimus aequalis has also 
been observed to respond similarly after 
oviposition by M. zealandicus (Phillips, un- 
published data). 

Antennation of the host shortly after 
parasitoid oviposition also has not previ- 
ously been recorded in Euphorinae, but it 
is known in some other braconid subfam- 

ilies such as Rogadinae (Shaw 1983). The 

parasitoid may be confirming that it has 
succeeded in ovipositing by detecting 
some as yet unknown, rapidly occurring, 
physiological response of the weevil to 
parasitoid oviposition, or it may be using 

its antennae to mark the weevil so that it 
can recognise the host as having been par- 
asitized. 

Together, insertion of the parasitoid ovi- 

positor, followed by antennation of the 
host and host hyperactivity, indicated that 
a successful oviposition had occurred. 
This observation should assist in overcom- 
ing difficulties in distinguishing between 
parasitoid oviposition and unsuccessful 

ovipositor strikes (e.g., Goldson, McNeill 

and Proffitt 1993). 

In laboratory experiments, Goldson, 

McNeill and Proffitt (1993) recorded sig- 
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nificantly greater mortality of unparasiti- 
sed L. bonariensis from 3-20 days after ex- 
posure to M. hyperodae females compared 

to parasitised L. bonariensis and to weevils 
that had not been exposed to M. /iyperodae. 
Furthermore, this unexplained source of L. 
bonariensis mortality associated with M. 
hyperodae appears to be operating in the 
field (S. L. Goldson, pers. comm., 2002). It 

was suggested the mortality could be due 
to weevils suffering multiple parasitoid 
strikes leading either to loss of haemo- 
lymph, disease infection, or to overdoses 

of M. hyperodae venom (Goldson, McNeill 

and Proffitt 1993). The present study did 
not support these ideas because parasit- 
oids were either confirmed to have ovi- 
posited, or exhibited the behavioral char- 
acteristics of having oviposited, whenever 

the ovipositor was inserted into a host, 

and there was no evidence that parasit- 
oids inserted the ovipositor for purposes 
other than oviposition such as host feed- 
ing (e.g., Jervis and Kidd 1986). However, 

the present study observed the interac- 
tions between a single parasitoid and two 
weevils, and it may be that the mecha- 

nisms suggested by Goldson, McNeill and 
Proffitt (1993) only operate when multiple 

parasitoids are competing for hosts. 
Microctonus hyperodae and M. aethiopo- 

ides approached hosts, pursued them, and 

attempted to oviposit, in similar ways. 
However, M. aethiopoides attempted to ovi- 

posit more frequently in both weevil spe- 
cies than M. hyperodae. This appears con- 
sistent with the much more frequent oc- 
currence of M. aethiopoides as a parasite of 
I. aequalis in the field compared to M. /1y- 
perodae (Barratt et al. 1997, Goldson et al. 
1992). Although M. aethiopoides attempted 
oviposition more often than M. /iyperodae 
in L. bonariensis, it was less successful at 
inserting the ovipositor. The ovipositor of 
M. hyperodae is slightly curved in lateral 
view, while M. aethiopoides’ is more nearly 
straight (McNeill et al. 1993). Therefore, 
there may be a degree of physical, rather 
than behavioral, incompatibility between 
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M. aethiopoides and L. bonariensis which in- 
hibits ovipositor insertion. This could im- 
pede the rate of M. aethiopoides oviposition 
in L. bonariensis relative to that of M. hy- 

perodae, and may have contributed to the 
displacement of M. aethiopoides from L. 
bonariensis by M. hyperodae that was ob- 
served in Canterbury, New Zealand, after 

the latter parasitoid was introduced in 

1991 (J. R. Proffitt, personal communica- 

tion 1999). 
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Abstract—A new species, Acrophotopsis mickeli Pitts, is described based on 102 males collected 

in Baja California Sur. This raises the number of species of Acrophotopsis to four. Acrophotopsis 

mickeli differs from other Acrophotopsis species by having the following combination of characters, 

anterior fourth of the mesopleuron punctate, thin parameres with apices slightly curved dorsally, 

the cuspidis more than eight times as long as wide, the distal third of the middle and hind femora 

darkened, and the metasoma not concolorous with head and mesosoma. A key is given for the 

species. Current distributional data and illustrations are given for A. bergi Casal, A. campylognatha 

Schuster, and A. eurygnatha Schuster. 

In a study of Mutillidae from the south- 
western United States, 102 specimens of 

an undescribed species of Acrophotopsis 
were found in various collections. Seven- 

ty-two specimens were found at the De- 

partment of Entomology Collection, Uni- 

versity of Arizona, Tucson. These speci- 
mens were determined to be A. campylog- 

natha by Ferguson in 1961, but our work 

revealed that they represent an unde- 
scribed species. This new species is de- 
scribed, illustrated and discussed below. 

A key for all species of Acrophotopsis, 

along with current distributional data and 
illustrations, are also presented. In order 

to produce this review, however, several 

other taxonomic issues had to be ad- 
dressed. 

Little published information exists for 
Acrophotopsis. The genus was described by 

R.M. Schuster (1958) for two new species 

of Sphaeropthalmini from the Nearctic Re- 
gion, A. campylognatha and A. eurygnatha. 
Males of Acrophotopsis are nocturnal and 

are normally collected with light-traps. 
They may reside in the leaf litter at the 

base of bushes during the day like other 

nocturnal mutillid males (e.g., Odontopho- 

topsis spp.) (Ferguson 1963). Nothing more 
is known about the biology of Acrophotop- 

sis. Females of Acrophotopsis remain un- 

known, but are presumed to be active 
only at night. 

Schuster (1958) included locality data 

and complete descriptions for the two 

new species of Acrophotopsis. At the time 
of writing the manuscript, however, he 

did not label the types for them or for the 
other 128 newly described species of other 

genera in the same manuscript. He waited 

until thirteen years after drafting the man- 
uscript before visiting the various muse- 
ums housing the material to insert type la- 

bels as he saw fit (Ferguson 1967). Due to 

this oversight, not all of the original spec- 
imens were found by Schuster, and some 

may have been mislabeled. 

Several more problems regarding the 
designation of Schuster’s Acrophotopsis 

type material were found during our 
study. For A. campylognatha, sixteen para- 
types were found. However, Schuster had 
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not originally designated any paratypes 
for this species. Because these specimens 
were not published in Schuster (1958), 

they cannot be considered paratypes and 
have been included here in the material 
examined section. A similar problem oc- 
curs for A. eurygnatha. Schuster (1958) des- 

ignated 16 paratypes for A. eurygnatha. 
Thirteen additional specimens (USNM) 

are labeled as paratypes, but they are not 
among the designated paratypes and are 
not conspecific with A. eurygnatha. In ac- 
tuality, we have identified them as speci- 

mens of the new species described here. 
As with A. campylognatha, there may be 
many more specimens labeled as para- 
types of A. eurygnatha, and some of them 
may not be conspecific with A. eurygnatha. 

Without an exhaustive search of all mu- 
seums, we cannot determine how many 
other specimens were labeled as paratypes 
by Schuster after the original description. 
Schuster did designate holotypes for A. 
campylognatha and A. eurygnatha, which 
have been located and are properly la- 
beled. 

Another difficulty with the treatment by 
Schuster (1958) is that it uses campylogna- 
thus and eurygnathus as the specific epi- 
thets of the new species of Acrophotopsis. 
According to Article 30.1.2 of the 4th edi- 
tion of the Code of Zoological Nomencla- 
ture (1.C.Z.N. 1999), names ending in -op- 

sis are of feminine gender. Thus, the spe- 
cific epithets of Schuster’s two species of 
Acrophotopsis should be campylognatha and 
eurygnatha, rather than campylognathus and 
eurygnathus. 

Casal (1967) described a third species of 

Acrophotopsis, A. bergi, based on a single 
male specimen from the state of Morelos, 
Mexico. According to Casal (1967), A. bergi 

differs from the generic characters de- 
scribed by Schuster, but only in the gen- 
eral aspect of genitalic characters. These 

characters resemble those of Dilophotopsis, 
a genus Schuster (1958) also described. 
These similarities prompted Casal (1967) 
to question Schuster establishing Diloplio- 
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topsis as a separate genus from Acrophotop- 

sis and suggested more work should be 
done to determine the relationships be- 
tween them. 

Careful examination of specimens of Ac- 
rophotopsis and Dilophotopsis clearly sup- 
port Casal’s concerns. Schuster (1958) not- 

ed the following similarities between Ac- 
rophotopsis and Dilophotopsis: 1. hypopy- 
glum emarginate distally, 2. mandibles 
strongly developed, dorsoventrally dilat- 
ed, 3. parameres strongly flattened, curv- 
ing mesad, with the apices normally over- 

lapping in situ, 4. petiole slender, nodose, 
5. second metasomal tergite with small 
punctures, 6. mesopleuron with antero- 

dorsal region impunctate and the poster- 
oventral region coarsely punctate, 7. tibial 
spurs 1-2-2, 8. plumose setae distinct, and 
9. head in dorsal outline somewhat trans- 
versely subrectangular. Wing venation 
also is similar between Acrophotopsis and 
Dilophotopsis. Similiarities 1-3 appear to be 
synapomorphies for a clade including 
these genera. The wing venation may also 
support the monophyly of Dilophotopsis 
and Acrophotopsis, but a more thorough 
evaluation of the wing venation in other 
sphaeropthalmine genera is necessary. 

In addition, Schuster (1958) stated that 

Acrophotopsis differs from Dilophotopsis by 
having an unarmed mesosternum, para- 
meres that overlap in situ, distinct ventral 
felt lines and a modified mentum. How- 
ever, the genitalia of A. bergi are similar to 
those of Dilophotopsis spp. in that the par- 
ameres do not overlap in situ (Casal 1967). 
Also, the cuspidis of A. bergi are elbowed 

as in Dilophotopsis. A further complication 

of Schuster’s comparison of Acrophotopsis 
and Dilophotopsis is that some specimens 

of D. stenognatha have distinct sternal felt 
lines. Thus, with the addition of A. bergi 
and a closer inspection of the two genera, 
some of Schuster’s (1958) diagnostic char- 

acters are no longer valid. 
The only characters currently separating 

Acrophotopsis and Dilophotopsis are the 

presence of the mesosternal processes in 
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Dilophotopsis and the presence of a trian- 
gular carina on the mentum of Acrophotop- 
sis. The occurence of mesosternal process- 
es also varies intergenerically in other 
Sphaeropthalmini. Many genera of 
Sphaeropthalmini in the southwestern 
United States are differentiated by this 
character in conjunction with other char- 
acters. Modification of the mentum into an 
anterior tubercle or posterior lingulate 
process has otherwise only been used, in 
part, to separate the subgenera of Photo- 
morphus Viereck. 

With the lack of robust generic-level 
characteristics distinguishing Acrophotopsis 
from Dilophotopsis, we believe that these 
two genera may be synonymous. How- 
ever, synonymy of these two genera 

would be premature without a phyloge- 
netic hypothesis of the subtribe Sphaer- 
opthalmina. Although phylogenetic hy- 

potheses for the subfamilies of Mutillidae 
exist (Brothers 1975, 1999, Lelej and Nem- 
kov 1997), there is no hypothesis available 
for this subtribe. More informative char- 
acters could be added when the females 
of Acrophotopsis are described. For now, 
existing data and information are used to 
present the following new and revised di- 
agnoses and keys for Acrophotopsis. 

MATERIALS AND TERMINOLOGY 

The following acronyms are used for in- 
stitutions or collections housing the mate- 
rial discussed in the current study: The Bo- 
hart Museum of Entomology, University of 
California, Davis, California (UCDC); Ca- 

nadian National Collection of Insects, Ot- 

tawa, Canada (CNCI); Cornell University 

Insect Collection, Department of Entomol- 

ogy, Cornell University, Ithaca, New York 
(CUIC); Department of Entomology, Cali- 

fornia Academy of Sciences, San Francisco, 

California (CASC); Department of Ento- 

mology Collection, University of Arizona, 

Tucson, Arizona (UAIC); Insect Collection, 

Los Angeles County Museum of Natural 
History, Los Angeles, California (LACM); 

james P. Pitts Collection, Athens, Georgia 
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(JPPC); United States National Museum, 

Smithsonian Institute, Washington D. C. 

(USNM); University of Minnesota Insect 

Collection, Department of Entomology, St. 
Paul, Minnesota (UMSP); UCR Entomolog- 

ical Teaching and Research Collection, Uni- 

versity of California, Riverside, California 

(UCRC). 

We use the following notation for punc- 

tures in the order of increasing size, depth, 

and their proximity: fine, small, moderate, 

coarse, and reticulate after Ferguson 

(1967). Fine refers to shallow punctures 

that have slanted or curved walls and are 

separated by greater than 10 their width 
(Fig. 1). Small refers to punctures that 
have slanted walls and are separated by 

2-10 their width. Moderate refers to 

punctures that are separated by 0.5-2x 

the width of the puncture, with curved to 

vertical walls and punctures that tend to 

be circular (Fig. 11, mesonotum medially). 

Coarse refers to punctures that are closely 
spaced (0.2-0.5 puncture width) with 

vertical walls and punctures are usually 
circular (Fig. 11, pronotum). Reticulate re- 

fers to sculpturing that resembles a net- 

work of lines with the punctures closely 
spaced (distance between punctures 
<0.2X puncture width) with vertical 

walls. The punctures of reticulate sculp- 

turing are not necessarily circular. In some 

cases (e.¢., Fig. 3), punctures are elliptical, 

not circular, and may not be complete. For 
these irregularly shaped punctures, mea- 
surements are made using the maximum 

transverse width of the puncture. The 

term ‘‘micropunctate” refers to punctures 
that are extremely shallow and do not 

have vertical walls or sharp margins. We 
use the term ‘simple setae’’ for hairs that 
are smooth and do not have barbed sur- 

faces. ‘‘Brachyplumose setae” refers to 

hairs with barbs that are less than, or 

equal to, the width of the shaft at the at- 
tachment of the barb. The term “plumose 
setae” is used for hairs that have longer 
barbs. We follow the terminology sug- 
gested by Menke (1993) for the scutum 
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Prosi. Paratype: Acrophotopsis mickeli. 1, Head, anterior view, scale 1.0 mm. 2, Prothorax, lateral view, 

scale 0.5 mm. 3, Petiole, dorsal view, scale 0.5 mm. 4, Genital capsule, lateral view. 5, Genital capsule, dorsal 

view, scale 0.5 mm. 

rather than that of Schuster (1958). The 

term ‘‘tibial spurs’ is used instead of ‘’cal- 

caria.”” T2, T3, etc., denotes the second, 

third, etc., metasomal tergites, respective- 

ly. Similarly, $2, 53, etc., signifies the sec- 

ond, third, etc., metasomal sternites, re- 

spectively. 

Acrophotopsis mickeli Pitts, new species 

(Figs. 1-5) 

Male holotype—Length: 11 mm. Colora- 
tion: Head and mesosoma reddish-brown, 

metasoma darker. Integument reddish- 
brown under T2 felt line. Ocellular trian- 

gle dark brown and integument around 
and under felt lines of T2 and S2 dark 

brown. Antenna dark yellow. Frons, ver- 

tex, mesosoma, COxXa, trochanter, and fe- 

mur with sparse, white, erect, brachyplu- 

mose setae. Mandibles, apical margin of 
clypeal lobe, tibia, and tarsus with golden, 

erect, brachyplumose setae. Clypeus with 

short white brachyplumose setae on lat- 
eral margins. Legs yellow, femur dark- 



ened apically. Apical margins of tergites 
and sternites with sparse, white, decum- 
bent, plumose setae. Wings hyaline with 
golden setae. Pterostigma and veins yel- 
lowish brown. Head: width 2.2 mm, pos- 
terior margin rounded (Fig. 1). Punctures 
fine, not deep, widely separated (Fig. 1). 
Compound eyes protruding, maximum 

diameter 0.9 mm (Fig. 1). Median ocellus 

0.4 mm, lateral ocellus 0.3 mm, ocellocular 

distance 0.4 mm, and interocellular dis- 

tance 0.4 mm; ommatidia apparent (Fig. 

1). Malar space very short, 0.1 mm long. 
Antennal scrobe with inconspicuous cari- 

na present dorsally, becoming absent half- 

way between compound eye and antennal 

tubercle (Fig. 1). Small tubercles present 
halfway between compound eye and an- 
tennal tubercle, slightly ventral to carina 

(Fig. 1). Antennal scrobe glabrous (Fig. 1). 

Antennal tubercles glabrous and impunc- 
tate (Fig. 1). Clypeus slightly concave; me- 
dian lobe projecting, slightly concave dis- 

tally with a thick up-turned margin (Fig. 
1). Clypeus glabrous, except median lobe 

with fine punctures apically (Fig. 1). Man- 
dible with three apical teeth and one large 

basal tooth; basal width of mandible 0.4 

mm, width of mandible at basa! tooth 0.4 

mm, width of mandible at preceding sinus 

0.3 mm, apical width of mandible 0.5 mm. 

Scape with ventral carina. Length of scape, 

pedicel and first three flagellomeres: 0.8, 

0.2, 0.3, 0.4 and 0.4 mm, respectively; 

width of first flagellomere 0.2 mm. Meso- 

soma: Pronotum, scutum and _ scutellum 

coarsely punctate (Fig. 2). Pronotal epau- 

lets present (Fig. 2). Parapsidial furrows 

present on posterior three-fourths of scu- 
tum. Propodeum reticulate, reticulations 

broader anteriorly. Propleuron (Fig. 2) and 
mesopleuron moderately punctate, punc- 
tures of mesopleuron broader than those 
of propleuron. Metapleuron glabrous and 
impunctate. Prosternum with fine punc- 
tures. Mesosternum unarmed, with mod- 

erate punctures. Legs with femora finely 
punctate. Prothoracic tibia with fine punc- 
tures. Meso- and metathoracic tibiae with 
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small punctures. Tibial comb curving 

away from leg apically. Internal tibial spur 
of mesothoracic leg curving toward leg. 
Wings with pterostigma 0.9 mm _ long 

measured along costa. Marginal cell 1.2 
mm long. Second submarginal cell pentag- 
onal, 0.9 mm long. Metasoma: Petiolate. T1 

nodose. Punctures of segment 1 moderate. 

Punctures of segments 2-6 fine. T7 micro- 

punctate with glabrous, impunctate, mar- 

gin. S7 broadly emarginate, with fine 

punctures towards margin. Length of T2 
felt line equal to approximately 3 length 
of S2 felt line. Genitalia: Parameres arcuate, 

stout at base and slightly flattened toward 
apex, tapering, slightly inwardly and dor- 
sally curved, with long setae present on 
outer margin (Figs. 4, 5). Cuspis elongate, 

not reaching to apex of paramere, straight 
with apical portion slightly dilated, basal 
portion cylindrical, distal portion and in- 
ner margin with long setae, dorsomedial 

area sparsely and minutely pubescent 
(Fig. 5). Digitus cylindrical and minutely 
pubescent (Figs. 4, 5). 

Female.—Unknown 

Host.—Unknown 

Type material.—Holotype 3, Mexico, 

Baja California Sur, 6 mi. SW Santiago, 

31.VHI.1959, Light Trap, K.W. Radford & 

E.G. Werner (CASC); Paratypes, ld; 

same data as holotype (UAIC, CASC, 

JPPC). 

Other material examined.—MEXICO, Baja 

California Norte: 1¢, 17 mi S Ensenada, 

14.V1.1938, M. Bacher & E. Ross (USNM); 

Baja California Sur: 1d, Agua Caliente, 

Cape Region, Hwy Sur, 18.X.1941, E. Ross 

& R.M. Bohart (CASC); 1¢, 2 mi N Cabo 

San Lucas, Hwy Sur, 16.1.1959, H.B. Leech 

(CASC), ele) 20 ai N «<Comundo: 

23.V1I.1938, M. Bacher & E. Ross (USNM); 

25 mi. W La Paz, 37¢, 30.VIII.1959, 126, 

4.1X.1959, K.W. Radford & F.G. Werner 

(UAIC); 13, 20 mi NW La Paz, 16.VII.1938, 

M. Bacher & E. Ross (USNM); 1d, Las An- 

imas, Sierra Laguna, 18.X.1941, E. Ross & 

R.M. Bohart (CASC); 16, 6 mi S Mirallores, 

18.1.1959, H.B. Leech (CASC); 14, San Bar- 
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tolo, 13.VII.1938, Bacher & E. Ross (CASC); 

1d, San Ignacio, 4 mi. W, 26.VIII.1959, 

K.W. Radford & F.G. Werner (UAIC); 1d, 

15 mi N San Ignacio, 24.V1.1938, M. Bacher 

& E. Ross (USNM); 4d, 10 mi. SW San Jose 

del Cabo, 1.IX.1959, Light Trap, K.W. Rad- 
ford & F.G. Werner (UAIC); 1d, 2 km W 

San Jose del Cabo, 30.VI.1982, W. N. Cross 

(JPPC); 23, 7 mi N Santa Anita, Hwy Sur, 

7.11959) .51.b, Leech ({CASC); 26, Santiago, 

8.VII.1938, M. Bacher & E. Ross (USNM); 

33, San Venancio, 8.X.1941, E. Ross & R.M. 

Bohart (CASC); 846, Todos Santos, 

10.X.1941, E. Ross & R.M. Bohart (CASC); 

53,4 mi. N Todos Santos, 2.IX.1959, K.W. 

Radford & F.G. Werner (UAIC); 6d, Triun- 

fo, 13.VIL1938, M. Bacher & E. Ross 

(USNM); 16, 6 mi N, 15.VI.1938, M. Bach- 

er & E. Ross (USNM). 

Variation.—Total body length 8.2-11.5 

mm; head width 1.81-2.30 mm; com- 

pound eyes, maximum diameter 0.68—0.96 
mm; median ocellus 0.25—-0.38 mm; lateral 

ocellus 0.23-0.32 mm; ocellocular distance 

0.30-0.42 mm; interocellular distance 0.33-— 

0.41 mm; malar space 0.08-0.12 mm. Color 

variation exists among some of the speci- 
mens in that some have a lighter T2 than 
the holotype and have the apical third of 
the middle femur only slightly darkened. 

However, all have the integument beneath 

the felt lines darkened and the apical third 

of the hind femur darkened. 

Etymology.—Named for one of the most 
notable students of Mutillidae, Clarence E. 

Mickel. 

Comments.—Acrophotopsis mickeli differs 
from A. campylognatha by being smaller, 
having the distal third of the middle, and 

hind femora darkened and having the me- 
tasoma darkened, at least under the felt 

lines. The anterior half of the mesopleuron 

of A. campylognatha is impunctate and pol- 
ished, whereas the mesopleuron of A. 

mickeli has punctures that gradually deep- 
en posteriorly and is only impunctate on 
the anterior fourth. Acrophotopsis mickeli 
differs from A. eurygnatha by being slight- 
ly larger, having the distal third of middle 
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and hind femora darkened and having a 
larger ventral tooth on the mandible 

(width of mandible at excision approxi- 
mately equal to depth of excision, not dis- 
tinctly greater than the depth of excision 
as in A. eurygnatha). The wing venation is 
similar for all four species (as in Fig. 10). 

The genitalia of A. mickeli (Figs. 4, 5) 

most closely resemble those of A. campy- 
lognatha (Figs. 15, 16). The genitalia of Ac- 
rophotopsis mickeli, however, differ from 
those of A. campylognatha by having slight- 
ly longer cuspidis and thinner parameres. 

Acrophotopsis bergi Casal 
(Pigs. 6-9) 

Acrophotopsis bergi Casal 1967:2, 6. Type data: 

Mexico, Morelos, 3 mi N of Alpuyeca, at 

light, 3.X11.1959, H.E. Evans and D.M. An- 

derson (CUIC). 

Diagnosis.—Acrophotopsis bergi is highly 
autapomorphic. It differs from all conge- 
ners by having a transverse furrow be- 

tween epaulets of the pronotum (Fig. 6), 
and by having the cuspidis elbowed (Figs. 
8, 9) and bearing four broad, distally 

curved spines on the internal boarder, as 
well as smaller, distally curved, spines, 

basal to the 4 larger spines (Figs. 8, 9). 

Also, the parameres of A. bergi do not 
overlap in sift as with the other species of 

Acrophotopsis (Casal 1967). 
Other material examined.—MEXICO, 14, 

Puebla, Izucar de Matamoros, 1.VIII.1968, 

F.D. Parker & L.A. Stange (JPPC). 

Distribution.—From the limited number 

of known specimens, this species occurs in 

regions south of Mexico City, Mexico, in 

the states of Morelos and Puebla. 

Remarks.—The new specimen does not 
significantly differ from the holotype. 

Acrophotopsis campylognatha Schuster 
(Figs. 15-16) 

Acrophotopsis campylognathus Schuster 1958:69, 

3. Type data: Mexico, Baja California, Ar- 

royo Rosarito, 29.11.1935, C.M. Brown 

(CASC). 
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Figs. 6-10. Acrophotopsis species. 6-9. A. bergi. 6, Prothorax lateral view, scale 0.5 mm. 7, Genital capsule, 

mesal view. 8, Genital capsule, ventral view; scale 0.5 mm. 9, Cuspis, ventral view, scale 0.2 mm. 10. A. 

eurygnatha, wing, scale 2 mm. 

Diagnosis.—Acrophotosis campylognatha is 
the largest species of Acrophotopsis. The 
metasoma is concolorous with the head 
and mesosoma and the integument is not 

darkened under felt lines. The anterodor- 
sal half of the mesopleuron is glabrous. 
The genitalia of Acrophotopsis campylogna- 
tha (Figs. 15, 16) are similar to those of A. 

mickeli (Figs. 4, 5) but differ by having 
slightly shorter cuspidis and thinner par- 
ameres that are straight. 

Other material examined.—USA, Califor- 

nia, Riverside Co.: Deep Canyon, 14, 

2:V:1963; . P.M..//Estes» (UMSP); 1d, 

S30.V1963, 16, 13:Vil196s, “EL Schlinger 

(OCRC); Palm Sprimes,, id, 2a.Volol7 

(CASC); 1d, Tahquitz Canyon, 8.VI.1957, 

Menke, Stange, & Bromley (LACM). MEx- 
Ico, Baja California Norte: 3d, Arroyo Ro- 

sarito, 27.111.1935, C.M. Brown (UMSP); 

Catarima, Vd ,-114° 40’; 29° 457, 3.1V.1935, 

G.W. Harbinson (UMSP); 56, 15 mi. N El 

Refugio, 4.VI.1938, M. Bacher & E. Ross 

(CASC); 3¢, Ensenada, Las Animas Can- 

on, 27.V1.1925, W.S. Wright (UMSP); 74, 

17 mi S Ensenada, 14.V1I.1938, M. Bacher 

& E. Ross (CASC); 23, 15 mi N Punta Prie- 

ta, 29.VII.1938, M. Bacher & E. Ross 
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Figs. 11-14. Acrophotopsis eurygnatha, 11, Prothorax, lateral view, scale 0.5 mm. 12, Genital capsule, ventral 

view, scale 0.5 mm. 13, Genital capsule, dorsal, scale 0.5 mm. 14, Cuspis, dorsal view, scale 0.2 mm. 

(CASC); 1d, San Vicente, 14.V.1939, C.E. 

Norland (LACM); 1¢, San Venecio, 

8.X.1941, E. Ross & R.M. Bohart (CASC); 

Baja California Sur: 1d, 10 mi NE Cabo 
San Lucas, Hwy Sur, 17.1.1959, H.B. Leech 

(CASC); 5d, 10 mi S Catavina, 29. VII.1938, 

M. Bacher & E. Ross (CASC); 2d, 1 mi NE 

El Cien, 31.11.1975, M. Odano (LACM); 

4d, 10 mi E Mesquital, 23.VI.1938, M. 

Bacher & E. Ross (CASC); 26, Miraflores, 

8.VIIL.1938, M. Bacher & E. Ross (USNM); 

23,19 mi E Rosario, 17.V1.1938, M. Bacher 

& E. Ross (CASC); 2d, 10 mi N San Ig- 

nacio, 24.VI.1938, M. Bacher & E. Ross 

(CASC); 26, 15 mi N San Ignacio, 

24.V1.1938, M. Bacher & E. Ross (USNM); 

13, 12 mi S Santa Rosalia, 27.V1.1938, M. 

Bacher & E. Ross (CASC); 1¢, Todos San- 
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Figs. 15-16. 

tos, 10.X.1941, E. Ross & R.M. Bohart 

(CASC); 2d, Triunfo, 13.VII.1938, M. Bach- 

er & E. Ross (CASC); Baja California (?), 

1¢, Hamilton Ranch, 2.VIII.1938, M. Bach- 

er & E. Ross (USNM); 1d, El Arco Mine, 

14 mi S, 23.V1.1938, M. Bacher & E. Ross 

(USNM). 

Distribution.—Acrophotopsis campylogna- 
tha is present in the southern regions of 

the Mojave Desert of California and into 

the Sonoran Desert of Baja California, 

Mexico. 

Remarks.—Sixteen specimens were 

found that were labeled as paratypes by 

Schuster. Because these specimens were 

not published in Schuster (1958), they can- 

not be considered paratypes and have 

been included here in the material exam- 

ined. 

Acrophotopsis eurygnatha Schuster 
(Figs. 10-14) 

Acrophotopsis eurygnathus Schuster 1958:65, d. 

Type data: USA, Arizona, Gila Co., Globe, 

8.VII.1949, Werner & Nutting (CASC). 

Acrophotopsis campylognatha, genital capsule. 15, Lateral view. 16, Dorsal view, scale 0.5 mm. 

Diagnosis.—This species is highly auta- 
pomorphic. Its genitalia differs from all 

congeners by the presence of thick, flat- 
tened parameres and stout cuspidis (Figs. 
12-14). The apices of the cuspidis are 
armed with straight, stout spines and the 

internal boarder of the cuspidis are armed 
with short, stout, ventrally curving spines, 

as well as being sparsely clothed with se- 
tae (Figs. 13, 14). The punctation of the 
mesosoma (Fig. 11) tends to be deeper and 

denser than the other species (Figs. 2, 6). 
Also, the metasoma is darker than the 

head and mesosoma or the integument of 
the mesosoma is at least darkened under 

felt lines. The mesopleuron is glabrous an- 
teriorly for approximately % its length. 

Type material.—Paratypes: USA, Arizo- 
na, Pima Co. Ouitjotoa, 3¢, 27— 

28. VIII.1928, J.C. Bradley (CUIC). 
Other material examined.—USA, Arizona, 

Gila Co.: 1¢, 6 mi. E. Rte 288, nr. Cherry 

Creek, at Light, 19.V.1950 (CUIC); Globe, 
13; 12.V 1934, Fy Parker: (UMSP) "1d, 
9.VI.1936, F.H. Parker (UMSP); 264, 
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13.V1.1938, D.K. Duncan (UMSP); 1d, 15.VI. 

1938, D.K. Duncan (UMSP); 26, 20.V1.1936, 

F.He Parker (WUMSP); ‘1d. 25.V1.1938,. D.K. 

Dincan. CUMSP)r ids -S0.VIL1937; 1d, 

13. VIL.1936; 16, 5.V1IL1937; 23, 8.VI1I1.1933; 

26, 19, Ville1935> te. 22.VNLI937;> 1d; 

26.V1IL1937, F.H. Parker (UMSP); 2¢4, 

Globe, Parker Ranch, Six-Shooter Cyn., 

22.VI11.1952, H.B. Leech & J.W. Green 

(CASC); Globe, Pinal Creek, 14, 6.V1.1953, 

26, 7.V1.1959, 16, 7.V1.1963, A. & H. Die- 

trich (CUIC); 1¢, Gila Head, 25.VIII.1935, 

F.H. Parker (UMSP); Cochise Co.: Cochise 

Stronghold, Dragoon Mts., 146, 17- 

21.V.1970, 16, 15-20.VI.1970, RJ. Share 

(UAIC); 1¢, Huachuaca Mnts, Sierra Vista, 

18.11.1963, Sternitsky (CNCI); Portal, 14, 

22.VI11.1959, 43, 5.1X.1959, H.E. Evans 

(CUIC); 1d, 1 mile S Portal, 4.VI.1965, Da- 

vidson, Davidson, & Cazier (LACM); 14, 

Willcox, 9-10.VII.1970, S. Kozloski (UAIC); 

3d, Coconino Co., 23.VII.1940, F.W. Nu- 

nenmecher (UMSP); 1d, Graham Co., Bon- 

ita Creek, 17.VIII.1976, D.S. Chandler 

(UAIC); Maricopa Co.: 1d, Agua Fria, 

26. VII.1937, D.H. Duncan (UMSP); 1d, Gila 

Bend, 25.VIII.1935, F.H. Parker (UMSP); 

Pima Co.: Baboquivari Mts., 1d, 27.1V.1947, 

A.L. Melander (UCRC), 26, 7.V1.1924, C.C. 

Poling (CASC); 4d, Baboquivari Mts., Ba- 

boquivari Cyn., West Side, 25—-27.VII.1952, 

Leech & Green (CASC); Baboquivari Mts., 

Brown Cyn., 1d, 7.1X.1958, L. Martin 

(LACM); 1¢, 29-30.VII.1952, Leech & Green 

(CASC); 1¢, Continental, 27.VII, W.J. 

Chamberlin (UMSP); 3d, 5mi E. Continen- 

tal, 29. VIII.1959, H.E. Evans (CUIC); Tucson, 

1d, 3.V.1963, C.E. Mickel (LACM), 22d, 

6.V.1963, C.E. Mickel (UMSP), 1d, 9.V.1962, 

C.E. Mickel (LACM); 16, 1.VI.1933, 14, 

1.V1.1935, 16, VIL, 526, 1.VI.1939, 14, 

10:1X%:1935, 66, 201JX.1935, D. Bryant 

(UMSP); 16, 11.VII.1924, E.P. Van Duzeo 

(CASC), 1¢;, 20.V1L.1935, D. Bryant (CASC); 

1d, 24.V.1920, F.X. Williams (CASC); 1d, 

10.VII.1939, R.H. Crandall (UMSP); 2d, 

Catalina foot-hills, N end Campell Ave., 
5.VII1.1967, Noller; Saguaro Nat. Mon., 1d, 

8.V.1962, 1¢, 18.V.1960, 1¢, 30.V1.1961, G. 
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Butler (LACM); 3¢, Santa Catalina Mts., 

26.V1.1933, Bryant (UMSP); 223, Santa Cat- 

alina Mts., west slope Pusch Peak, 

17.V.1963, C.E. Mickel (UMSP); 16, Syca- 

more Cyn. nr. Rugby, 22.V.1954, S. Selgimar 
(LACM); Santa Rita Mts., Madera Cyn, 1d, 

20-27.VII.1940, 16, 1.VIII.1947, 14, 

14.V111.1949, 1¢, 23.VHI.1948, L. Martin 

(LACM); 26, 30.VII.1955, F.X. Williams 

(CASC); Pinal Co.: 1¢, Irene Wash, 

24.V.1963, C.E. Mickel (UMSP); 14, Oracle, 

28.V1.1924, J.O. Martin (CASC); 1d, Picacho 

Peak, 11.VIII.1965 (UCRC); 1d, Superstition 

Mts., 16.VII.1943, R.O. Flock (UCRC); 1d, 

Santa Cruz Co., Tumacacori, 27.VIII.1975 

(UAIC); Santa Cruz Co.: 146, Patagonia, 

VII.1937, E. Ross (CASC); Yavapai Co.: 14, 

9.VIII.1962, F. Werner & J. Bequaert 

(LACM); 1d, Congress, 19.VII.1939, N. Stag- 

er (UMSP); 1d, Skull Valley, 31.VII.1970, J.E. 

May (UAIC); Yuma Co., 1d, Yuma, 1907 

(UCRC); California, Riverside Co., 10d, 

Palm Springs, 6.VI.1932 (UMSP); San Ber- 

nardino Co., 1d, Apple Valley, 2.V.1955, 
Harwick (CNCI); San Bernardino Co., 3d, 

Yermo, 16.V.1919, W.M. Pearce (UMSP). 

MEXICO: 16, Sinoloa, N Rio Fuerte Hwy, 

13.V1.1965, E. M. Fisher (LACM); 14, So- 

nora, l6mi NE. Ciudad Obreg6én, 13- 

17.V.1961, Howden & Martin (CNCI); 1d, 

IslasTres Marias, Isle Maria Madre, village, 

21.V.1925, H.H. Keifer (CASC). 

Distribution.—Acrophotopsis eurygnatha 
occurs in the Mojave Desert of Nevada to 

the Sonoran Desert of Arizona and Mexi- 

co. The new locality data from the Isle Ma- 

ria Madre in the Islas Tres Marias, pro- 

vides a considerable range extension. 

Only one specimen was seen from this re- 
gion and it did not differ significantly 
from typical A. eurygnatha. However, due 

to its disjunct distribution from the rest of 
A. eurygnatha, only careful examination of 
more specimens from this same region can 

verify whether it is truly A. eurygnatha or 

a undescribed species. 
Remarks.—Schuster (1958) designated a 

holotype and 16 paratypes for A. eury- 

gnatha. Thirteen additional specimens 
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(USNM) are labeled as paratypes by 
Schuster. These specimens are not among 
the designated paratypes and are not con- 
specific with A. eurygnatha. In actuality, 

they are A. mickeli and have been included 
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in the other material examined for that 
species. As with A. campylognatha, there 
may be many more specimens labeled as 
paratypes. Some of them might also be A. 
mickell. 

KEY TO SPECIES OF ACROPHOTOPSIS (MALES) 

1 Pronotum with transverse furrow between epaulets (Fig. 6); cuspis elbowed, with four 

broad, distally curved spines on internal boarder (Figs. 7-9) 

—  Pronotum without transverse furrow between epaulets (Figs. 2, 11); cuspis straight with 

normal setae (Figs. 4, 5, 12-16) 

(1) Second metasomal segment brownish-red to dark brown, at least under felt lines, not 

concolorous with head and mesosoma 

- Entire metasoma concolorous with head and mesosoma, not darkened under felt lines 

N 

3 (2) Cuspis stout, length of visible portion not more than 6 width (Figs. 12, 13); apex of 

cuspis armed with several straight spines and internal boarder of cuspis armed with 

row of shorter, curved spines (Figs. 13,14); parameres stout, length of not more than 

8 width (Figs. 12, 13); width of mandible at excision distinctly greater than the depth 

of excision; legs entirely yellowish 
= Cuspis thin, length of visible portion greater than 8 width (Figs. 4, 5); apex and internal 

boarder of cuspis not armed with spines, clothed only with setae (Fig. 4); parameres 

thin, length equal to or more than 10 width (Figs. 4, 5); width of mandible at excision 

equal to depth of excision; hind femora and usually distal third of middle femora dark- 

bergi Casal 

campylognatha Schuster 

sap GE whats ata sens Soe Pi eurygnatha Schuster 
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RAPD Linkage Map of Melipona quadrifasciata anthidioides 
Lepeletier (Hymenoptera: Apidae: Meliponini) 
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Abstract.—We present the first linkage map for a stingless bee Melipona quadrifasciata Lepele- 

tier. The linkage map was constructed on 60 haploid drones from a single queen using 127 RAPD 

(Randomly Amplified Polymorphic DNA) markers. Eighty-nine of these markers mapped on 22 

linkage groups. The remaining 38 markers were unlinked. The 22 linkage groups spanned over 

1,416 cM, with an average marker density of 21.3 + 6.9 cM (mean + SD). Our data demonstrated 

that the recombination frequency of M. quadrifasciata differs significantly from that of A. mellifera 

Linnaeus. Comparisons of the genetic and social structure of M. quadrifasciata and A. mellifera, 

however, show that, besides the level of sociality, there are some particular life history traits that 

could be causing the specific recombination frequencies observed. It is expected that this map will 
substantially accelerate molecular genetic analysis of M. quadrifasciata and help to explain the 

observed variation in recombination frequency within Hymenoptera. 

Like most hymenopteran species, sex in 

stingless bees is determined by haplodi- 
ploidy, a genetic system under which or- 
dinary males are haploid and females are 
diploid. Diploid males, however, have 
been detected in approximately 40 species 
of Hymenoptera (Cook 1993, Carvalho et 
al. 1995, Crozier and Pamilo 1996, Hollo- 

way et al. 1999, Noda 2000). Experimental 
evidence based on the offspring of sibling 
matings demonstrated that a single locus 
multiple-allele system of sex determina- 

tion (CSD) is operating in these species 

(Whiting 1943, Woyke 1963, Smith and 

Wallace 1971, Camargo 1979, Ross and 

Fletcher 1985, Naito and Suzuki 1991, Per- 

iquet et al. 1993, Beye and Moritz 1994, 

Butcher et al. 2000). 

Presently, A. mellifera Linnaeus is the 
hymenopteran species best studied for sex 
determination. Two molecular markers 
are closely linked to sex locus (locus X) in 

this species: a RAPD marker called locus 

QO (Hunt and Page 1994) and a fingerprint- 

ing multilocus marker, locus Z (Beye and 
Moritz 1994). As predicted by the single 

locus multiple-allele system (Whiting 

1943) these markers are in homozygose in 

diploid drones and in heterozygose in fe- 

males, proving that only one locus is in- 

volved in the sex determination of A. mel- 

lifera. 

The molecular genetic mechanism that 

triggers CSD, however, has yet to be iden- 

tified (Stouthamer et al. 1992, Cook 1993, 

Beukeboom 1995, Cook and Crozier 1995). 

Nonetheless, elucidation of the genes re- 

sponsible for such events requires knowl- 
edge of the genetic organization of organ- 
isms that exhibit CSD, and their linkage 
mapping is obviously the initial step. 

Genetic linkage maps have been report- 
ed for only eight Hymenoptera species: 
Nasonia_ vitripennis (Walker) (Saul 1993, 
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Gadau et al. 1999), Aphelinus asychis Walk- 
er (Kazmer et al. 1995), Apis mellifera Lin- 
aeus (Hunt and Page 1995), Bracon hebetor 
Say (Antolin et al. 1996), Trichogramma 
brassicae Bezdenko (Laurent et al. 1998), 

Bracon sp. near hebetor (Holloway et al. 
2000), Athalia rosae Jakovlev (Nishimori et 

al. 2000) and Bombus terrestris Linaeus (Ga- 

dau et al. 2000), of which CSD is found in 

A. mellifera, A. rosae, B. hebetor and B. sp. 

near /iebetor. 
Despite the ecological and economic im- 

portance of bees, A. mellifera is the only 

highly eusocial bee that has been geneti- 
cally mapped. No genetic maps have yet 
been built for Melipona quadrifasciata Le- 
peletier, a stingless bee species, popularly 
known in Brazil as ‘‘mandagaia’”’. Like 

most hymenopteran species, M. quadrifas- 
ciata exhibits parthenogenesis to generate 
haploid males from non-fertilized eggs. 
This reproductive pattern facilitates the 
development of genetic maps as the anal- 
ysis of haploid males supplies the infor- 
mation about heterozygous loci present in 
the parental female. Thus, the present 

work aims to construct a linkage map for 
M. quadrifasciata using RAPD markers to 
provide a basis for further research on the 
genetics of hymenopteran species that ex- 
hibit CSD. 

MATERIAL AND METHODS 

Genetic material.—A virgin queen of Me- 
lipona quadrifasciata was crossed with a 
drone that had been previously sterilized 
by treatment with gamma-ray irradiation 
(60,000r) emitted by a cobalt-60 pump. 
The queen was maintained in Petri dishes 
together with young workers, and after 10 

days this queen was introduced into an in- 
termediary colony until she was physo- 
gastric and then she was transferred to a 

colony from which the original queen had 
been removed. After oviposition, combs 
with progeny were withdrawn from the 
colony and progeny were allowed to 
emerge in an incubator at 28°C. As in col- 

onies of M. quadrifasciata some drones can 

35] 

be the result of eggs laid by unrelated 
worker bees. The drones that originated 
from this cross were checked for the pres- 
ence of non maternal bands, and _ sixty 
drones (Fl progeny) that were progeny of 
this queen were used as the mapping pop- 
ulation. Each individual was frozen in liq- 

uid nitrogen and immediately separated 
into two parts—head and metasoma, and 

mesosoma. The head and metasomas were 
used for DNA extraction. 
DNA extraction and PCR reactions.—The 

genomic DNA was extracted as described 
by Waldschmidt et al. (1997a). The ampli- 

fication reaction mixture (25 jl) contained 

3.5 mM MeClL, 10 mM/50 mM Tris-KCl 

(pH 8.3), 0.1 mM of each dNTP (dATP, 

dTTP, dGTP, dCTP), 0.4 wM of a decamer 

primer (Operon Technologies, Alameda, 
CA, USA), one unit of Taq DNA polymer- 

ase and 25 ng of genomic DNA. The mix- 
ture was placed in a thermocycler model 
PTC-100 (MJ Research) programmed for 
40 cycles. Each cycle consisted of 15 sec- 
onds at 94°C, 30 seconds at 35°C and 1 min 

at 72°C. After the 40th cycle a final exten- 
sion step of 7 min at 72°C was performed. 

Gel electrophoresis and scoring.—The am- 
plification products were resolved in 1.2% 

agarose gels immersed in TBE (90 mM 

Tris-borate, 10 mM EDTA), stained with 

ethidium bromide (10 pg/ml), visualized 

and documented under UV light. Each set 
of PCR reactions was checked for contam- 
ination by the use of a negative control (no 

DNA). Preliminary tests (not shown) de- 

fined 79 primers to be used in the RAPD 
analyses. These primers produced consis- 
tent bands that could be easily scored. 

Linkage analyses.—The polymorphic 
bands detected in this population were 
tested for the 1:1 segregation ratio using 

Chi-square analysis. Markers presenting a 
significant deviation (p < 0.05) from the 
expected ratio were not included in the 
linkage analyses. The analyses were per- 

formed with the Mapmaker/EXP 3.0 
(Lander et al. 1987), using the backcross 

settings. Due to the absence of phase in- 



formation of each marker the following 

strategy was used (Dr. Mark J. Daly, per- 

sonal communication): each polymorphic 

marker was coded as “H” for band pre- 

sent and “‘A”’ for band absent and then the 

code was altered from ““H” to “A” and 

“A” to “H’, respectively. In this way, 

Mapmaker created two linkage groups for 

each chromosome. One linkage group 
from each pair was selected for further 

analyses. 

The linkage groups were determined 
using the “group’”” command with a LOD 

score of 3.0 and a maximum recombina- 

tion fraction of 0.4. The order of the mark- 

ers within each linkage group was estab- 
lished through multiple point analysis us- 
ing the ‘“compare’” command. The genetic 
distances, expressed in cM, were calculat- 
ed using the Kosambi mapping function 

(Kosambi 1944). 

Genome size estimates were calculated 

using a method to compare insaturated 
maps (Gadau et al. 1999), where the linked 

markers of M. quadrifasciata were random- 
ized and linkage maps of 20, 40, 60 and 80 
markers were calculated. For every set of 
markers, the total map size was the size 

of each linkage group plus an added 40 
cM for all unlinked markers. 

RESULTS AND DISCUSSION 

The amplification of genomic DNA 
from haploid drones of M. quadrifasciata 
with 79 selected primers generated 133 
polymorphic bands. Six markers that de- 
viated from the expected 1:1 ratio were 
not considered in subsequent analyses. 
Therefore, 127 markers were used to gen- 
erate the linkage map. Eighty-nine of these 
markers were distributed along 22 linkage 
groups, ranging from 211.1 to 11.1 cM, 

and 38 markers were unlinked. The 22 
linkage groups spanned over 1,416 cM, 

with an average marker distance of 21.3 + 

6.9 cM (mean + SD). Seventeen of the 22 

linkage groups contained three or more 
markers, and the other five only two 

markers each (Fig. 1). 
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It is clear that the present map under- 

estimates the complete recombinational 
length of the M. quadrifasciata genome be- 
cause the haploid chromosome number of 
this species is n = 9 and we found 22 link- 
age groups. Further analyses, increasing 
the number of primers and drones (sons 

of different queens), will be necessary to 
fill in the gaps allowing the saturation of 
the present map. 

The accuracy of a genetic map is direct- 
ly related to the coverage of the genome 
achieved and the reliability of the genetic 
markers employed. The first issue was 
only partially attained as our map is still 
very incomplete. As for the markers used, 
RAPD markers can be quite reliable. For 
instance, inheritance studies in A. mellifera 

(Hunt and Page 1992) and in M. quadrifas- 
clata (Tavares et al. 2001) using RAPD 

markers also demonstrated that these 
markers are reliably inherited and during 
the construction of the present linkage 
map, most of the RAPD markers (95.5%) 

segregated 1:1 in a progeny of haploid 
drones demonstrating the utility of these 
markers for linkage analysis. 

Most of the linkage maps built for the 
Hymenoptera species, however, are not 

saturated. The genetic map of A. mellifera 
(n = 16) based on the segregation of 365 

RAPD markers, showed 26 linkage groups 

(Hunt and Page 1995). RAPD-SSCP anal- 

yses in Bracon hebetor (n = 10) positioned 
79 RAPD markers in 13 linkage groups 
and five markers were unlinked (Antolin 

et al. 1996) and in B. sp. near hebetor, 71 

markers were included in 10 linkage 
groups, but 9 markers were still unlinked 
(Holloway et al. 2000). The composite map 

of Trichogramma brassicae (n = 5) has 84 

RAPD markers organized in five linkage 
groups and 11 unlinked markers (Laurent 
et al. 1998). In the interespecific Nasonia (n 

= 5) map, 91 markers could be mapped 
into five linkage groups that spanned over 
764.5c¢M, while 14 markers showed no 
linkage relationship to any group (Gadau 
et al. 1999). The Athalia rosae (n = 8) ge- 
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nome was also mapped with RAPD mark- 
ers, generating a linkage map with 16 link- 
age groups and 10 unlinked loci (Nishi- 
mori et al. 2000). 

An estimate of the total size of the map, 

however, is useful to determine the rela- 

tionship between genetic and physical dis- 
tances. In an absence of the estimates of 

actual map sizes, Gadau et al. (1999) pro- 
posed a method to compare unsaturated 
map size based on the number of markers 

for the different species. According to this 

method, relative map sizes are construct- 
ed with equal number of markers and 

then their sizes are compared. Such com- 
parisons have shown that the estimated 

map size of M. quadrifasciata (1,355.8 cM/ 
80 markers) lies within the size limits ob- 

tained for other Hymenoptera species: Na- 

sonia (829cCM/80 markers), T. brassicae 

(1,330 cM/84 markers), B. hebetor (1,156 

cM/79 markers), Bombus terrestris (1,091 

cM/80 markers) and A. mellifera (2,020 
cM/80 markers) (Gadau et al. 2000). 

As map distances are based on recom- 
bination fractions, these comparisons also 

indicate that the recombination frequency 
of M. quadrifasciata is lower than that of A. 
mellifera, which until now has presented 
the highest meiotic recombination rate of 

any higher eukaryote (Hunt and Page 
1995). These authors suggested that the 
extremely high recombination rate of A. 
mellifera was associated with male haploi- 
dy in Hymenoptera. But, as stated by Ga- 
dau et al. (2000), Hymenoptera contain 

both very large and very small genome 
maps which contradict this hypothesis. 

This difference in recombination fre- 
quency between M. quadrifasciata (n = 9) 
and A. mellifera (n = 16), two eusocial Hy- 
menoptera species, can be explained, in 
part, by differences in their number of 

chromosomes. This observation is consis- 

tent with results showing that most spe- 

cies have a number of two to three cross- 
overs per bivalent, regardless of the chro- 

mosome size (Hunt and Page 1995). So an 

increased recombination rate is expected 

Oo ol i>) 

in species that have greater chromosome 

number. 

This correlation, however, is not found 

when we compare the map size of M. 
quadrifasciata with that of another eusocial 
Hymenoptera, B. terrestris (n = 18), nor 

with other hymenopteran species. For in- 
stance, species so different in relation to 

chromosome number as T. brassicae (n = 

5), B. hebetor (n = 10) and B. terrestris (n = 

18) have approximately the same genome 

size, while species with the same haploid 
chromosomal number as Nasonia and T. 

brassicae, have genetic maps of 829cM and 

1,330cM, respectively (Gadau et al. 2000). 
It seems, therefore, that mechanisms other 

than variation in chromosome number 

may be generating different recombina- 

tion rates in Hymenoptera. 
Gadau et al. (2000) proposed that highly 

eusocial hymenopteran species with large 
colonies and a clear division of labor 

should have higher recombination fre- 
quencies than their closely related but so- 

cially less developed relatives. Our data, 

however, shows that the recombination 

frequency of M. quadrifasciata, a highly eu- 
social stingless bee that posses a well de- 
fined system of labor division, differs sig- 

nificantly from that of A. mellifera and is 

closer to that of B. terrestris, a primitively 

eusocial bee. Comparisons in the genetic 
and social structure of M. quadrifasciata 
and A. mellifera, however, show that, be- 

sides the level of sociality, there are some 
particular life history traits that could be 
causing the specific recombination fre- 
quencies observed. The M. quadrifasciata 
colonies, for instance, are much smaller 

than those of A. mellifera, ranging from 500 
to 1,500 individuals and contrary to A. 

mellifera, its labor division system is not 
genetically determined (Waldschmidt et 
al. 1997b), which could contribute to the 

differences observed. Conclusive compar- 

isons, however, in order to obtain detailed 

explanations for variation in recombina- 

tion frequencies within the Hymenoptera, 
and corroborate Gadau’s hypothesis, re- 
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quire the study of the genome of a greater 
number of highly eusocial hymenopteran 

species. 
The present map represents, definitely, 

an initial step for future genetic analyses 
of the M. quadrifasciata genome. Our ef- 
forts are now concentrated on the satura- 
tion of the map with RAPDs as well as 
other types of markers so it can be used 

to map characters of interest such as the 

locus involved with sex determination in 

M. quadrifas¢ lata. 
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Abstract.—Polydnaviruses are reported from the genus Mirax Haliday, representing the first 

record of these viruses from the braconid subfamily Miracinae. The polydnaviruses of Mirax 
replicate in the calyx region of the female reproductive tract, as in the subfamily Microgastrinae. 

The somewhat rod-shaped virions contain multiple inclusions. 

The abrogation of the host immune sys- 
tem by endoparasitic Hymenoptera has 
been the subject of considerable interest in 
recent decades, largely as a result of the 
pioneering work by George Salt (1968). 

Polydnaviruses are key factors in the 

equation for a select groups of parasitoids, 
and are now accorded family rank in viral 

classification (Stoltz et al. 1984). Polydna- 

viruses replicate in a specialized calyx tis- 
sue at the base of the lateral oviduct in 

female wasps and are expressed in the 

host following injection during oviposi- 

tion. Excellent reviews are available, both 

technical and for general audiences, on 
their structure and function (Edson et al. 

1981, Whitfield 1990, Krell 1991, Fleming 

1992, Stoltz 1993, Dib-Hajj et al. 1993, 

Strand and Pech 1995, Beckage 1997, 

Webb 1998). 

Polydnaviruses have been recorded 

from a number of species in the families 

Ichneumonidae and Braconidae but, with- 

in these families, their distribution is fairly 
limited (Stoltz and Whitfield 1992). The 

species containing polydnaviruses repre- 

sent derived groups within their respec- 
tive families. The morphology of the virus 

differs in the two families and this, togeth- 

er with molecular differences, has led to 

the designation of ichneumonid polydna- 

viruses as ichnoviruses and braconid po- 
lydnaviruses as bracoviruses (Fleming 
1992). Within the Braconidae, polydnavi- 
ruses were initially known only from the 
subfamilies Microgastrinae, Cardiochili- 

nae, and Cheloninae (Stoltz and Vinson 

1979, Krell 1991, Stoltz and Whitfield 

1992). Studies by Whitfield (1997) suggest 

a single origin of the polydnaviruses in 
braconid wasps, supporting predictions 
(Stoltz and Whitfield 1992, Wharton 1993) 

that this group of viruses is common to 
the microgastroid lineage. Here we report 
the presence of polydnaviruses in Mirax 
Haliday, a genus usually accorded sepa- 

rate subfamily rank (Miracinae: van Ach- 

terberg 1993) and placed near the Micro- 
gastrinae (Whitfield and Mason 1994, 

Whitfield 1997). 

MATERIAL AND METHODS 

An apparently undescribed species in 
the genus Mirax was collected with a 

sweep net in a mixed pine-deciduous 

woodland in Jones State Forest, Mont- 

gomery County, Texas. Live specimens 

were taken to the laboratory where they 
were chilled and provisionally identified 

under a dissecting microscope by the se- 
nior author. The reproductive tract was 

then removed in insect saline and fixed 
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BigeAl: 

for 6 hours at RT in a mixture of 2% glu- 
taraldehyde, 2% paraformaldehyde, 2% 
acrolein and 1.5% dimethyl sulfoxide 
(DMSO) in 0.133 M sodium cacodylate 
(pH 7.4) (modified from Kalt and Tandler 

1971). After rinsing in 0.1 M sodium cac- 

odylate, material was post fixed in 1% os- 

mium tetroxide. Following fixation, de- 
hydration and ethanol replacement with 
propylene oxide, samples were embed- 
ded in a mixture of Araldite and Embed 

Cell from calyx region of Mirax sp., showing fully formed polydnavirus virions packed into nucleus; 

N = nucleus, nm = nuclear membrane, cm = cell membrane, arrow = rod-shaped polydnavirus. 

812 (Epon-812) embedding medium 
(Mollenhauer 1964). Material was _ sec- 

tioned with a diamond knife using an ul- 

tramicrotome from LKB (Ultrotome type 

4802A). Sections 70-90 nm thick were 

stained with 10% uranylacetate in 30% 

ethanol for 30 minutes followed by Reyn- 

olds’ lead citrate for 10 minutes (Reyn- 

olds 1963). Sections were examined and 

photographed using a Zeiss 10C trans- 

mission microscope at 80 kV on Kodak 
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Figs. 2-3. 
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Polydnaviruses of Mirax sp. 2, Dense clusters of mostly rod-shaped virions showing stacked nature 

of nucleocapsids within each virion; arrows = 4 nucleocapsids within a single virion, in longitudinal section. 

3, Detail of virions in longitudinal and cross sections; arrow = cross section. 

Electron Microscope Film 4489 (ESTAR 

Thick Base). 

Voucher specimens representing the 
wasp from which the ovaries were extract- 

ed and a conspecific, intact wasp collected 
from the same locality are deposited in the 

Texas A&M University Insect Collection 

as voucher specimen number 632. 

KESULTS 

The reproductive tract in gross dissec- 
tion is similar to that figured by Stoltz et 

al. (1976) for Toxoneuron (as Cardiochiles) 

nigriceps (Viereck): the section of the lat- 
eral oviduct adjacent to the compact ova- 

ries is expanded into a distinct calyx. 
There is a very short, unexpanded distal 

portion of the lateral oviduct extending 
between the calyx and the common ovi- 

duct, as in Chelonus insularis Cresson (= C. 

texanus Cresson) (Stoltz et al. 1976, Fig. 1). 

Presence of virus in the reproductive tract 
was suspected based on the bluish reflec- 
tion observed with magnifications of 60— 

100x under the dissecting microscope. 
Electron microscopy revealed that the pre- 
sumptive polydnaviruses of Mirax are 

formed in this well-defined calyx region of 

the oviduct, as they are in the Microgas- 
trinae, Cheloninae, and Cardiochilinae 

(Stoltz et al. 1976). 

Morphologically, the viruses found in 

Mirax are very similar to bracoviruses 

found in Microgastrinae (Stoltz and Vin- 

son 1977, de Buron and Beckage 1992). As 

in other bracoviruses, the nucleocapsids 
are rod-shaped (Fig. 1) and the virion is 

enclosed in a single membrane (Fig. 3). Vi- 

rions are somewhat variable in shape (Fig. 
2), as in bracoviruses, though they often 
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Figs. 4-5. Calyx cells showing early stages of viral infection. 4, Cells with differing amounts of viral stroma 

and well-formed virions; nm = nuclear membrane, cm 

(vs). 

appear rod-shaped (approximately 0.2-0.3 
ym in length x 0.07—0.09 zm in width) at 

lower magnifications (Fig. 1). Multiple nu- 

cleocapsids can be seen within each en- 
velope (Figs. 1-2), a characteristic of some 
but not all bracoviruses. The nucleocap- 

sids often appear stacked within the virus 
particles (Figs. 1-2). As is typical of polyd- 
naviruses in general, formation of the viral 

stroma takes place in the nucleus (Figs. 4, 
5), where discrete virions are eventually 

organized. The nucleus begins to fill with 
virions, and the nuclear membrane starts 

to break up (Figs. 6, 7). Long, thin cells full 

of microtubules are often seen in the vi- 

cinity of infected cells (Figs. 8, 9). Viral 

particles are ultimately emptied into the 
lumen of the lateral oviduct when the cell 

walls break and liberate their contents 

(Figs. 10-12). While we realize that molec- 

ular data are desirable for confirmation of 

the identity of these structures as polyd- 
naviruses, we note that their formation 

and release from calyx cells (via lysis) is 
identical to that reported for other braco- 

viruses, and they replicate in a well-de- 

fined calyx region. 

= cell membrane. 5, Enlarged to show viral stroma 

DISCUSSION 

Stoltz and Whitfield (1992) listed 29 spe- 

cies of braconid wasps, representing 13 
genera and 3 subfamilies, in which polyd- 
naviruses had been found. Several other 

species of braconids, primarily in the mi- 
crogastrine genus Cofesia Cameron, have 

subsequently been examined and found to 

contain polydnaviruses (Whitfield 2000). 

In general, the viruses in these wasps con- 
form morphologically to those shown here 

for Mirax. Polydnaviruses in braconid 

wasps have either single or multiple nu- 

cleocapsids per virion, with multiple nu- 

cleocapsids recorded for species now 

placed in the genera Protapanteles Ash- 

mead, Glyptapanteles Ashmead and Cotesia 

(Stoltz and Vinson 1977, de Buron and 

Beckage 1992). In Mirax, the virions are 

more rod-shaped, and the nucleocapsids 

have a consistently stacked appearance 

relative to the generally more rounded vi- 

rions of the microgastrines, in which the 

nucleocapsids are more scattered (de Bu- 

ron and Beckage 1992, Fig. 6; Stoltz and 

Whitfield 1992, Fig. 1). 
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Figs. 6-7. Calyx cells filled with virus. 6, Arrow showing apparent disruption of portions of nuclear mem- 

brane. 7, Cell at similar stage of degradation; nm = nuclear membrane, cm = cell membrane. 

An earlier report of polydnaviruses in 

Mirax (Whitfield 1997: Table 1) was based 

on information provided to Whitfield by 
RAW for use in that report. The present 

report is therefore the first documented re- 

cord of polydnavirus-like particles in Mir- 

ax, and the first characterization of their 

gross morphology. Predictions that other 
members of the microgastroid complex 
should contain polydnaviruses (Stoltz and 
Whitfield 1992, Wharton 1993) are now 

confirmed, at least based on viral mor- 
phology and location of replication in the 
wasp’s reproductive tract. This is not sur- 

Figs. 8-9. 
in cross section. 

8, Thin cells filled with microtubules in vicinity of infected cells. 9, Detail, arrow = microtubules 
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Figs. 10-11. Discharge of virions (and some cell fragments) into lumen of lateral oviduct in region of calyx. 

10, Lumen (L) filled with virions and a single cell (arrow) releasing contents. 11, Detail of same cell. 

prising given the repeated demonstrations 
of the close affinity of Mirax to the Micro- 

gastrinae (Muesebeck 1922, Nixon 1965, 

Mason 1981, Whitfield and Mason 1994). 

Viruses (or virus-like particles) have 

been discovered in the reproductive tract 

of several other braconids, including those 

distinctly outside the microgastroid line- 

age. Most notable among these are the two 

Fig. 12. Detail of a cell (C) beginning to discharge 

virions into lumen. 

classes of viruses found by Lawrence and 

Akin (1990) in Diachasmimorpha (as Bios- 

teres) longicaudata (Ashmead), a member of 

the subfamily Opiinae, and the more re- 

cent report of virus-like particles some- 
what resembling polydnaviruses from the 
ovaries of Microctonus aethiopoides Loan, a 

member of the Euphorinae (Barratt et al. 

1999). A distinct calyx region is absent in 

the reproductive tract of both of these 

wasps. Although the role of these other vi- 

ruses in immunosuppression has not been 
fully explored, there is sufficient circum- 

stantial evidence to suggest that polydna- 

viruses may not be the only family of vi- 
ruses involved in immune suppression in 

braconid wasps. 
The specimen from which the reproduc- 

tive tract was extracted for the figures 
shown here is similar to Murax texana 

Muesebeck, but does not completely 

match the description of this species given 

by Muesebeck (1922). It is quite possible 

that this represents an undescribed species 

of Mirax, which is not surprising given the 

poor knowledge of this genus in North 

America. 
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NOTE 

Authorship of the Family-Group Names Palarini and Xenosphecini 
(Hymenoptera: Apoidea: Crabronidae) 
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1429 Franklin St., Bisbee, AZ 85603-6211, USA, asm@theriver.com); (WJP) Dept. of Entomology, 

California Academy of Sciences, San Francisco, California 94118-4599, USA, 

wpulawski@calacademy.org 

Palarini Schrottky, 1909 

In a review of family-group names in 
apoid wasps, Menke (1997) attributed the 

name Palarini to Borner (1919). However, 

the South American entomologist Curt 
Schrottky used the name Palaridae earlier. 

The oldest was Schrottky (1909:249) where 

he simply used ‘Fam. Palaridae’”’ as a 

header for a species of Pisonopsis and two 
species of Tachytes. Schrottky (1913:230) 

again used the name Palaridae as a header 

for the aforementioned genera as well as 
Tachysphex, Larrada and Heliocausus. 

Schrottky did not mention the Old 

World genus Palarus or indicate why he 

was using the name Palaridae. We have 
searched the literature of contemporary 

authors in South America and can find no 

mention of Palaridae. A perusal of the lit- 

erature of contemporary European au- 

thors that Schrottky may have known 

such as Handlirsch and André, revealed 

no use of the name. 

The fourth edition of the Code of Zoo- 

logical Nomenclature makes it clear that 
Schrottky (1909) gets credit for authorship 

of the name Palaridae even though he did 
not mention Palarus. Article 11.7.1.1 states 

“.. use of the stem alone in forming the 
[new family-group] name is accepted as 
evidence that the author used the generic 

name as valid in the new family-group 

taxon unless there is evidence to the con- 

trary”. 

Palaridae is currently recognized as a 
tribe in the subfamily Crabroninae (= Lar- 

rinae of authors). 

We thank Izyaslav M. Kerzhner and F. 
Christian Thompson for clarifying the no- 
menclatorial status of Palaridae Schrottky. 

Xenosphecini Parker, 1966 

Bohart and Menke (1976:51, 437) estab- 

lished the subfamily Xenosphecinae un- 

aware that Frank Parker (1966:195) had 

proposed the tribal name Xenosphecini for 
the genus Xenosphex. Menke (1997) also 

overlooked Parker’s name. Authorship of 

Xenosphecini is Parker, 1966. Currently 

this tribe is placed in the subfamily Mel- 
lininae (Prentice 1998). 
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Ascogaster bugabensis Cameron Belongs in the Helconinae sensu lato 
(Hymenoptera: Braconidae) 
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Laramie, Wyoming 82071-3354, USA, SRS email: braconid@uwyo.edu 

Ascogaster bugabensis was described by 
Cameron (1887) based on a single female 

specimen from Bugaba, Panama. For more 

than 100 years this species has remained 
virtually unstudied. Other than being cit- 

ed in catalogs (Shenefelt 1973) the species 

has not been mentioned in literature, and 

to the best of our knowledge it remains 
known only by the holotype. Until now it 

has been classified, according to its origi- 

nal combination, as a member of the brac- 

onid subfamily Cheloninae (Shenefelt 

1973). During a recent study of Costa Ri- 

can Cheloninae (Dadelahi 2001) we ex- 

amined the holotype of Ascogaster bugaben- 
sis Cameron and discovered that it is does 

not belong in the genus Ascogaster or even 
within the subfamily Cheloninae. Instead, 

it clearly belongs in the genus Urosigalphus 
Ashmead, which is currently classified in 

the tribe Brachistini of the subfamily Hel- 
coninae sensu lato (Sharkey 1997). Because 

it was classified in the wrong genus and 
subfamily, this species was entirely over- 
looked in the most recent revisions of Uro- 

sigalphus (Gibson 1972a, 1972b, 1974). 

Since this discovery is outside the scope of 
our revisionary studies of Cheloninae, we 

are presenting this information here as a 

scientific note. 

The holotype of Ascogaster bugabensis 
Cameron is in very poor condition. The 

specimen is double-mounted with a very 

large minuten pin directly through the 
mesosoma. The diameter of this mounting 

pin is nearly as wide as the mesosoma it- 

self, which is severed. The posterior half 

of the mesosoma, and the metasoma, are 

glued directly to the polyporous mount- 
ing strip with a golden brown substance 

(possibly Canadian balsam). Except for 

some basal portions, most of the antennae 
and legs are broken and missing. Despite 
this damage, several important characters 
can be clearly observed. The metasomal 
terga are fused to form a solid carapace 
lacking transverse sutures. Although su- 

perficially similar to the fused carapace of 

the Cheloninae, this condition is now 

known to be a convergent evolutionary 

trend, which manifests itself in several un- 

related braconid groups (Dudarenko 

1974). This specimen exhibits a robust car- 

apace form, with coarse punctate sculp- 
ture, and long ovipositor, which is not 

known to occur in any New World Asco- 

gaster (Shaw 1983) but is typical of cara- 
paces as seen in the genus Urosigalphus 
(Gibson 1972a, 1972b, Sharkey 1997). Even 

more definitive is the forewing, which 
lacks the r-m crossvein (and consequently, 
lacks a closed second submarginal cell). 

The r-m crossvein and a closed second 

submarginal cell are present in all genera 
of Cheloninae, including Ascogaster (Shaw 

1997). The forewing venation pattern 
matches exactly that known for species of 

Urosigalphus (Sharkey 1997, fig. 9). Con- 
sequently, on the basis of this evidence, 

the species is hereby reclassified as fol- 
lows: Urosigalphus bugabensis (Cameron) 

NEW COMBINATION. 
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Using the key to subgenera provided by 
Gibson (1972b), Urosigalphus bugabensis 
can be placed in the subgenus Neurosigal- 
phus Gibson. This determination is based 
on the following combination of charac- 
ters, which can be observed in the holo- 
type: marginal cell closed (= radial cell 

sensu. Gibson), ocellar triangle not raised 
into a pyramidal projection, scutellum not 

elevated into a point, lower face rounded, 

and palpi elongate. Placement of the spe- 
cies in Gibson’s (1972b) key to Central 

American species of the subgenus Neo- 
urosigalphus is difficult because of the bro- 
ken antennae and legs of the holotype. If 
we assume that Cameron’s description is 
correct in stating that the antennae are 
‘16-jointed”’ and the legs are “‘red,’’ then 
U. bugabensis keys to U. avocadoae Gibson 
(a parasitoid of “Avocado tree borer’). We 

examined and identified 68 specimens of 
Costa Rican Urosigalphus in the collection 
of the University of Wyoming Insect Mu- 
seum. Of these, we found ten specimens 
that key to U. avocadoae but appear mor- 
phologically identical to the holotype of U. 
bugabensis. These were from several local- 
ities ranging in elevation from 50-1100 m. 
These specimens exhibit a wide range of 
leg color variations, from dark reddish 
brown to bright yellow. Since the holotype 
of U. bugabensis is a female and U. avoca- 
doae was described based only on males, 
it is not possible at present to determine if 
the species are distinct or merely syno- 
nyms. Hopefully, future studies may re- 
solve this issue by rearing both sexes from 

infested Avocado trees. 
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NOTE 

First Host Record for the Parasitic Wasp Genus Notiopambolus 
Achterberg and Quicke (Hymenoptera: Braconidae: Pambolinae) 

ALEJANDRO ZALDIVAR-RIVERON AND DONALD L. J. QUICKE 

(AZR, DLJQ) Department of Biological Sciences, Imperial College of Science, Technology and 

Medicine at Silwood Park, Ascot, Berkshire SL5 7PY, UK, AZR email: alejandro.zaldivar- 

riveron@ic.ac.uk; DLJQ email: d.quicke@ic.ac.uk; (DLJQ) Department of Entomology, The 

Natural History Museum, London SW7 5BD, UK 

During study of the Braconidae acces- a beetle. Determination of this wasp using 
sions collection at The Natural History — the key for the Australian Pambolinae spe- 
Museum (London, UK), the junior author cies given by Belokobylskij (1992) and 

discovered an Australian pamboline spec- comparison with paratype material indi- 
imen reared from the larval/pupal case of — cates that it belongs to Notiopambolus de- 

i 

Figs. 1-4. Automontage® photographs of reared specimen of Notiopambolus depressicaudus and its associated 

host remains (Coleoptera: Chrysomelidae: Cryptocephalinae). Dorsal (Fig. 1) and lateral (Fig. 2) view of host 
remains; length and width of the pupal/larval case = 7 and 3 mm, respectively. Dorsal (Fig. 3) and lateral 

(Fig. 4) view of the wasp ovipositor showing dorso-ventral compression and curvature. 
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pressicauda Achterberg and Quicke (1990). 

The data label states that the host was col- 

lected in 1958 in Victoria, Australia, by M. 

F. Leask, and the wasp emerged on Janu- 
ary 15, 1958. Since the host remains were 

kept with the wasp, it was possible to con- 
firm that it belongs to a chrysomelid beetle 

larva or pupa of the subtribe Cryptoce- 
phalina (Cryptocephalinae) (Figs 1, 2). 

This represents the first host record for the 

genus Notiopambolus Achterberg and 
Quicke, and also the first confirmed re- 

cord for any species belonging to the sub- 
family Pambolinae. The only previous as- 
sociations for Pambolinae concern some 

Palaearctic Pambolus Haliday species, 

which have been mentioned in the litera- 

ture as parasitoids of Buprestidae and 
Chrysomelidae beetle larvae but without 
any detailed observations or comments 

(Leonardi 1926, Belokobylskij 1986, 1987, 

1993, Shaw and Huddleston 1991, Whit- 

field and Wharton 1997). Interestingly, as 

its name suggests, the ovipositor of N. de- 

pressicauda (and indeed of all Notiopambol- 
us species) is strongly dorsoventrally com- 
pressed and up-curved (Figs 3, 4). Given 
that the host lives in a hard larval/pupal 
case that would in life be located on its 

substrate (i.e., dead leaves accumulated on 

the ground, Lawrence and Britton 1991) 

with the opening held closely to the sur- 
face, it is probable that this wasp attacks 

its host by inserting its ovipositor between 
the substrate and the case; but direct ob- 

servational confirmation is required. 
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